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ABSTRACT • 

This papex outlines .a process that can be applied to* 
the analysis or design cf instructional programs and materials. The 
role of values in decision-making is disctissed, with special* emphasis 
on ,des/isions concerning energy education. In addiction, some criteria 
are given for effective programs and instruction-^ materials for 
energy education. This paper addresses the needs cf three kinds of 
decisioD-makers: (\) purchasers of instructional 'materials and' 
programs; (2) persons responsible for allocating funds; and (3) 
designers of materials and programs. ExteniSive lists, of questions, 
comprising a major portion of this paper, represent the means by 
whict the analyzer can glean appropriate information from 
instr uctipnal material and by 'which this designer svnd the f under can 
check *to see that specifications for proposed materials are complete. 
An in structiona.1 unit on energy for elementary schoals is included as 
Hn example of the application of some of the principle:^ discussed. 
(Authot/BB) 
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In preparing this papcy:, we had in mind the needs those 
indcvtduals who must make decisions concerning instructional 
materials aad programs for energy education. ^ particular^ 
the ^*]^er addresses the needs of three kinds of d^cidion makers: 
persons responsible for purchasing or selecting energy education 
instructional materials and programs (purchasers ); persons re- 
sponsible for allocating funds fpr thfe development' of such materi- 
als and programs ( funders ); and persons actually responsible for 
designing such materials and programs (designers ). Contained in 
this, paper are the guidelines ,that will aid (a) pu rchasers in ana- 
lyzing and evaluating instructional Materials and programs; 
(b) funde rs in analyzing and evaluating proposed specifications 
for the development of instructional materials and programs. 



1 . . « ' 

We limit our discussion of energy education to instructional 

materials and programs for students in schools. Providing for ^ 

energy edubation, however, involves the school in more than itfi 

customary role of purveying knowledge. - It also calls for effecting 

changes in the out -of;- school behaviors ol students, an outcome 

not included among the objectives of most instructional materials 

intended for use in the schools. 



and {c\ designers in planning for and determining spepifications for- 
the development of instructibna^ materials and programs.'^ 

^he paper outlines a process that can be applied to the analysis 
or design of instructional programs and materials. We also discuss 
the role of values In decision making, with ^\special emphasis on the 
role of values in making decisions concerning energy education. In 

addftion, the^ paper presents some of our criteria for effective pro- 

3 

grams and instructional materials for energy education. 



a 

here 



Some examples of each typeyof educational decision maker we 
have in mind (purchaser, fundef, and designer) and* the kinds of public 
^,nd private agencies with which they migljt be associated are presented ' 



Persons concerned with purchase or adoption of energy educa- 
tion programs and instructional materials will most akely work with 
schools or state depa rtments^of education. Their positions include 
those of teacher, curriculum specialist, administf ator, and adoption . 
-officer. f 

'Persons concerned with the funding of energy ed^catiori programs 
and materials will be found in a wide variety of agencies ranging from 
ppblishers, government agencies, and foundations to utility companies 
and consunjer organizations. .Their positions includ-e tJ^ose of exej:u- 
tive editor, peer reviewer, and project director a>^well as jthat of con- 
sumer education specialist. ^ \ * 

Persons concerned with the design of energy ecLication, prog rams , 
and materials might be associated with schools, publishers, or educa-s 
tional research and development organizations. Persons ciffiliated 
with utility companies and consumer organizations might also have 
such design responsibilities. The positions of persons involved with 
energy education materials design include those of teacher, curricu- 
lum specialist, curriculum designer, and educational materials writer 
or editor. 



.3 

The distinction we make between the terms instructional materi - 
als and instructional program relies, on our definition of an instruc- 
tional material as any item, be it a manipulative Or a^printed material, 
that i« intended tope used ^or an instructional purpose. Our defini- 
tion' of instructional program, on the-'Other hand, refers to a number ^ 
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Both in analyzing and designing instructional materii^ls, care- 
. fully cor>ceived procedures are necessary to insure that attention. has 
be6n pajd to* ^aqh. aspect of the matdo-ials. The process of analyzing 
i'nstructiou^l matJerials requires the systematic gathering of fnforma- 
tion, while the process of instructional design demands systematic 
attention t^^e mullitudinous details involved in the conceptualization . 
and production of instructional materials. Extensivje lists of questions, 
t- comprising a major portion of this paper, represent the means by , ' 
» which the analyzer can glean appropriate information frogn instruc--.* 
tional materials and^y whi^ the designer, aM:\d«the funder can check to 
see that specifications' foV proposed materials aii^ complete. 

^ The 'questions, have been organized into nine tables (shown in Appen- 
dix A as Tables A- 1 through A- 9), each of which pertaini^^to one of nine 

* major components of instructional programs. In our experience, not all 
clecision^ concerning instructional materials rely on information about all 
*nine of these coi^ponents. Figure 1 illustrates out Experience in regard 

* tor the importance of each component for different types of educational de- - * 
cision making. Decisions made by funders or purchaser^ of instructional / 
programs and materi'als are generalj^^based on information from only se-^ 
lected components. On the other hand*, desi^ers of -instructional mate ri-?' 
als and programs must have infopnation related to all of the components/. 



pesign^r^*,^pu.rchasers, and funders differ also as individuals 
with respect* to the relative* importance the^y giv^ to each comportent 
in the deA||k)n-making process. For example, it is generally the 



/ 



. of ,in St rtic tional materials integrated by means'jof an overall plan tnat 
'directs how the materials are to be used in conjunction with one an- 
*v\2^^'^ towar^ the achievcffjfenf of one or more in^tructionaLpurpojieSr 
In the following sections oi this paper, we have generally used the 
teims instruqtional materials apd instructional ^roferams to refer to 
bojh ideas irtterchangeably. It will be clear from the context wjiien a 
specific mearting is appropriate for one or anotheif of the terms. 

V.' . r. " '. ■ ■ ■ ' 
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♦"case that several competent designers will make varying decisions 

, concerning the design of particular instructiolml materials even when 
each person's decision is bas,ed on )he sarne information. AH compe- 
tent designers will, however, be knowledgeable about the -pa ramete rs 
of potential decisions related to each component and.will be able to 
provide rationales' for the decisions they make. A more concrete 
illustration of this principle can be seen in the context of decisions 
made by materials purchasers. Some individuals faced with a pur- 
ch^^ing decision give primary conside ration to the cost or physical 
appearance of the instructional materials. Othe rs/faced with making 
the same decision will focus their attention on the eas^ with which the 

materials can be implenne-ntied in the classroom e\r on the demands that 
the program places on the teacher. Only thermos t sophisticated of 
potential purchasers will base their decisions on the more technical 

, aspects of the materials ' design--for example, thetise'of principles 
of instpi^^tional theory in their design. Most purchasers find it very 
difticult^ if not impossible, to carry out sophisticated analyses of 
nriate rials of the sort that would determine, for example^ how well 
the materials fit the educational goals of the school system* 

I Individuals, faced with making funding decisions often give pri- • 

mary consideration to the designers' reputation, the completeness of " 

' thedeve^pm.ejitnlar^or the appropriateness of the proposed materi- 
als fop/lhe target popula^on. Publishers, for example, base many of 
their funding decisions on the cost of^the product to the purchaser ^rtO 
on the size and* cha racte ristics »of the potential tiser population. Often 
funder^ must rely on the expert judgment of the designers in regard to 
the more technical decisions ^elated to instructional design;- Just.as 
with potential purchasers, it is sometimes, but not often, the case 
that funders are as knowledgeaA)le as the most competent designet and 
can make more svibstantive ana'lyses^nd evaluation? of specifications 
for instructional materials on* all of the components towar(f which the 
questions prcf^ented in bhis paper are addressed.*** 



The questions in the tables provide a mechanism for the sys- 
tematic ga^ering of information, a necessary but not sufficient con- 
dition for informed .decision making. We believe that, in addition to 
information, values are cetitral to all decision-making processes, 
incjluding those involved in the processes of designing, funding, and 
purchasing energy education materials and, programs. In^ design, for 
example, decisions a re made about the rationale fot* the program or 
materials, the content, the packaging, the student activities, the 
teacher's role, and many other matters. The decisions that are made 
reflect the values of those v^rho make them. A certain program may, 
•for instance, devote considerable attention to teaching 'child ren about 
the amount of doal and oil in the earth but little space to the question 
of how alternative sources of energy might be developed. This distri- 
bution of content suggests that the designers have placed more valu^ 
on knowledge of facts than on knowledge of. processes. Decisio^is 
about content made by an^nergy education program's designers re- 
flect particular valyes. ' * ^ 

The process of selecting instructional materials for {)urchase is 
also a matter of making decision^ based on values. In purchasing, 
(leci^ions are made concerrrfng which materials will be selected, how 
they will be used, with whom, etc. Because choices exist, decisions 
must be made. The amount of time and money a school district is 
willing to'expend on energy education reflects the value that the school , 
.places on energy education. Additional consic^er^itions in the selection 
^process also reflect values; for exam'ple: Should the materials be indi-* 
vidualized*^ Should they emphasize conservation? . Will they deal with 
political and economic issues? ^ue^ions^such as these consideV values, 
that is, what the school and the community who will use the instruc-* 
tional materials judge to be important, worthwhile, or "good. " 

B^ecause decisions made about energy education are valu^^^-laden, 
we belieya*it id important that the values inherent in instructional ^ 



materials be explicit. If they are. the work of pe;sons who must make 
decisions about such matenals--whfether-or not to fund a development " 
proje^, whether or not to purchase materlals for a school, or a simi-, 
_^^Wrniajor.declsion--wlll be facilitated by allowing these decisions to 
be. made on a rational," informed basis. >o^the-same reasons' we 
feel that specifying the values intrinsic to the'materials' will also ai'd* 
the designers In 'their work. 

The functions of Information and values are interactive in the " 
decision-making process and, therefore, ban never be treated>s dis,^ 
Crete entitles. . The questions we pose for^your use, our discussion M, ' 
the importance of the Information that the 'answers contain, and the M 
leria for effe'ctive energy ediic4tion we put forward for your consideraf ] 
ti5n ^re all reflections of our values. ' One of our values is a high reim 
gard for public education. Also, we 'believe that the proper kinds of 'W- 
instructional materials can t^lay a significant role in enabling the-natid^' 
to cope with the energy dllerpma. 



. - Some persons may challenge this assertion, but we suspect that ^ . 
their doubts stem f^-om a failure tp recognize the potential of recent ff 
developments Inthe field -of instructional technology. Principles of ^1 
instructional technology that have become known, codified, and vail- , .IP 

. dated through research in recent years can be successfully applied to . | , 
the processes of designing and analyzing educational material. * Many % 
instructional materials of the past haVe failed because "these pr^ncipHs |^ 
were either not applied, or In^proprlately applied In the course of the ^ 
mate-rials' development. Often, too, well-deslgne^ ma'terials have • If 

■ failed because they were improperly implemented or ev^n poorly 1 



The literature on systematic instructional procedures is already 
quite large and is growing rapidly. For representative examples see 
gravers (1973 );. Resnick, Wang, ^nd Kaplan (1 973j>andV,opham' and 
Baker nQ701. ' f 



matched to the needs of the school system that purchased them. Con- 
siderable experience has be^n gained during the larft decaSe and a half 
in designing, analyzing, ^^i^implementing instructional materials. 
Such experience now makes it possible to suggest with some -assurance 
necessary conditions for the de^n, selection/ and implementation of 
effective and successful instnictiofial materials for schools. We value 
also the application of systematic. procedures to 1?he processes of analy- 
sis, design,' and implementation of instructional materials, 

These are our values; they determine our criteria for instruc- 
tional materials. The qu'estions in the tables reflect the applicatfori of 
some of our values, to the process of .establishing criteria. Consider 
for example question B, 9 in Table A-1 (Apperfdvx A), "Are there ex- 
plicitly stated objectives corresponding to all the program's goals'?" 
Because we. value-^a systematic design process, we would iliclude thfe ^ 
presence of behav^orally stated^ objectives as one of our criteria f6r 
effective instructional materials-,* That is not to say that the only right 
answer to question B, 9 'is "yes. There are'effective instructiona^l ^ 
materials that do not contain explicitly stated behavioral objectives, 
A "no" aq^er sh^ld^ however, result in further analysis of the in- 
structional materials in order to determine if the fv^nctions served by 
behavipral objectives have been adequately met. 

The illustration in the preceding paragraph i*s intended to empHa- 
size that the particular answ^ers that result from the' applicatioo of the 
questions presented in our tables to any_ particular instruction^l-ma^-_ 
terials do not determine in themselves the potential effectiveness of 
those materials. The information resulting from the' answers to the 
questipns must'^be considered in the context of criteria which you ^t,^- 
based ^n the values you hold. In the foUc^wing discus.^?ions of issues ^ 
relating to components of instructional materials, we set forth certai;.n 
of our critcria,'but you must set your own criteria after Considering 
the issues we raise, ^ 



BeMre discussing ^our criteria for the rationale, goals, knd 
objectives of energy eSVacation progTrams'and instructional materills, 
it is necessa^ry for the sake of clarify to indicate whafwe mean by^^the 
terms "rationale, " "goals, " and -objectives, " Fdr our purposes', the 
rationale of a program is a'statWent that explains sucft matters as' - 
why the development of the program was \inderta;^en,*^hal societal 
needs the program was developed to respond to!^ and what were the 
underlting assumptions of the program»s designers. By "goals" we 
mean, simply, the broad aims-that the program or th^ materials, are 
designed to achieve. The goals of a pjogram <^ energy education pre- 
sumably would include such 'things as increasing students* knowledge 
abou^ Energy and changing their behaviors delated \o energy consumpr'-v 
tion, '^Gfel^ctives are mucR hiore specific staUni^nts of the ou|comes^ 
that rarious-parfcs of a program are designed to^ produce. 

r ' ' 

Decisions that must be made^in the <^ours> of developing or^ \ 
selecting energy education materials will be facilitated by the ^iklsf. 
of information that are .available in* care/ytly thd^ught .out and written* 
statements of rationale, goals, ancj objectives. Because,'<^the value 
we ahach to developing ^^iicaeional materials 'systematirally and on^a. 
rational basis, the firsJH^de rations in this developmentT^wgb^eve, 
^houid^be those su'^oundS^ a p^rogram/s rationale^ goal?, aiid.objec- 
tives. The'"nitty-grUty" decisions about the developpr:^ept of^a^program- 
will-it include manipulative' activities', ^^ilf media other^than Brint be - = 
usedr^tc^^^can^emade rationally ooly aft^r decisiAis JiaVe WL ' 
made about wh>^ thT^i^gfamHsuxeeded affd what it aims to a<:hi^ in v ^ 
both general and specificate rrns.- BeveT^hi^he ardejr^of these kinds * ' 
of decisions can easily leaa .to programs t;hat^re in^ohe renV Won- 
si stent, and ineffective. ' , • . ' 

^ , We a^ff^elieve that the process of se^fecting.^ program or 
materials foi:. purchase wiWhe expedited if, ekrly in the selection 



process, ciireful attention is given to*the rationale, goals, and objec^- 
tives of the programs and materials under considej:atioil. If, for exam- 
ple, a program espouses goals that are quite inconsistent with ifhe goals * 
of the community where the program will be used, the pfogr«im can 
probably be eliminated from consideration. 

From our analysis of the energy ^ijemma and the role of educa- 
^on in it evolve our criteria for the'\^ationale and goals of energ'y edu- 
cation'inate rials that we would judge to be potentially effective. 

^ c ^ , . * ^ ' ' . . 

*TUjw is our analysis of the dilemma. In the years to come, the 
dema^jd for energy will exceed the supply. Costs of delivering energy 
will continue to rhcrease. IncreasJed use of energy will further deplete 
our natural Resources and influence the ecological balance df the en-^ 
vironmerit. Individuals confronting the energy dilemmci will be forced 
to make decisions and choices; their concerted decisions will influence 
national energy policy and, their individual choices will determine Iheir 

life styles* ^ \ • • j * 

' ' ' . ' ' ' 

This situation requires 'citizens who ate knowledgeable, who are 

aware of their pe'rsonal values, who are skillful problem solvers and 

decision ^makers, who have .well-defined personal goals, and who are 

able to predict the c'onsequences of their erfergy choices and decisions, 

both for themselves ,and for the society in which they live. 

Xhis anal'yrsiX has these imrplic^tions for energy education. Energy 
education must be inultifaceted,, that is, it must not only convey ii^forma- 
tion^ but also deal with social, '^c&nomic, j)olit^a^ljj an<l moral issues. * 

In addition, it must make provision ior increasing individuals* abilities . 

' * ^ ' , 

to define their values^ and gp^ls, to solve problems, and to make deci- 

9* 

s^ns. Our analysis also aujggest^ some criteria for the rationale and 
g^oals of energy educ action programs.'* The ratiopale j^hd goals of such 
programs should reflect the multifac^ted nature of enetgy edufcation* 
Th^ philosophical, .psychological, social, jscientific, and politicaL . 
assumptions underlying the rationale and goals should also be specified. 



as we-have staj^d, to guide the work of Uie designers and* tp facilitate 
understanding cjf the program by others. Section A of Table A- 1 

(Appendix A) pres*^^^^ questions that the^ecision maker can uae^to 

* gather information about a program's rationale, C>ues,tions about the 
goals of energy education programs and materials are included in 
Section B of Table A- 1. > ^ 

As the heading ihdijcates, the questions that comprise Section B 
of Table 'A- 1. deal with the conceptualization of an energy education 
program, that is, the relationship of the program's rationale to its 
goals, o^its goals to its objectives, and its objectives to its instruc- 
' tional materials. The informatian thet one gathers by asking these 
questiotis is .useful in making judgments about a program's consistenc 
and/coherence, two ^important prerequisites for effectiveness. 

Section B of Table A- 1 also presents a numbei^of questions re- 
garding the stafementfi of objectives, 'it is our opinion that an impor- 
tant process in operationalizing the goals of a program is the Vranalajr. 
tion of the program' s-goa^s. into specific objectives. Objectives can 
serve a variety of functions. The format of the objectives tietejrmihes 
in part, the extent to which the objectives can serve the functions.' Fq 
example, objectives that are stated behaviorally--in terms of observa 
ble student' behayiors--are useful as means of communicating the 
designers' ideas ab'out thje effects o£ the program to the teachers who 
implement the program. Efiucators rely on observations and descrip- 
--tions of overt behaviors to infer the stat^J and org^anization of an indi- 
vidual's knowledge. It follows, therefore, that behaviorally stated 
objectives are also yseful starting points f or asse'ssing the extent to 
which the program h^s attained j:ts,goals^. The u6e of behavioral objec 
tivei is sometimes criticized because they so often -describe trivial 
behaviors. This need^notbe tlie case, however.' In fact, a. program 
can'be evalyatpd in part on the extent to which its objectUts sample 



, behaviors frotn all levels of the cognitive and affective domains as , 
described by Bloom (1956) and Krath^j^ohl, Bloom, and Masia (1964). ^ 
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In addition to aiding communication and the assessment of the 
effects of instruction, stating educational objectives behaviorally facili- 
tates the selection of appropriate instructional strategies. (See page 19 
or this paper. ) " 

** Benjamin Bloom was instrumental in providing educators and psy- 
chologists with an important tool, a^taxondmic system fo regrouping to- 
gether behaviors that have specified attribut^ in common. In this 
taxonomy, behaviors are classified into three major groups, called 
domains, according to whether they are primarily cognitive, alfective, 
or psychomotor behaviors. Of course, the division of behaviors into 
these three domain* is an artificial distinction since almost any behav- 
ior ordinarily is made up of cognitive, affective, and psychomotor ele- 
mc^nts.* For example, behaviors relating to conserving^ energy in the 
home might rely partly on knowledge of ways to conserve energy, 
partly on the desire to conserve energy, and partly on the physical 
ability to perform tasks that aid in conserving energy, such as shutting 
Off a light switch. Nevertheless, the classification <Sf be haviots -pro- 
vides some extremely useful tools for educators. 

Wi^in each doz^iain or the taxonomy/ specific behaviors are ar- 
ranged hiera'rchic^Uf in terms of their complexity. To illustrate this 
hierarchical arrdf^gement, let us examine some examples of behavior 
from the cognitive? domain. The first level of the cognitive domain is 
knowledge - -behavjorallv stated, the ability to recall specific informa- 
tion, e.g., knowledge of some ways that energy mig^t be conserved in 
the home. The second levfeT of the cognitive domain, comprehension , 
involves such behaviors as the ability to explain why insulating one's 
house will conserve energy. The third .level, appli<:ation , is exempli- 
fied by the behavior of applying the idea of energy conservation to an 
area where one has not yfet learned ways of conserving energy. An 
example illustrating the fourth level, a^alyqis » is fhe ability to recog- 
nize various techniques of energy conlservation, e.g., using a single 
energy source* for twaor more different purposias simultaneously* l^he 
flftii level, evaluation , callj for such behaviors as the ability to com- 
pare various energy conservation plans proposed for one's family and 
to select one of them on the ^asis of the amount of energy it conserves 
and the likelihood that cg;ie's family will be able to adhere to it without 
undue hardship. ' 
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Figure 2 shows some examples of behTavioral objectives from 
several levels of the cognitive domain; Figure 3 presents behavioral 
.objectives from all five levels of the affective domain. These objec-v 
tives from the affective domain are particularly important to energy 
* education since, as can be seen in Figure 3^ they are concerned with 
the student's behavior outs,ide the^ class room. They are* also closely 
related to the processes of values clarification, goal setting, and* . 
decision making, processes we believe are essential parts of energy 



education. ^ 



Finally, Section C of^T^-ble A- 1 lists some questions about the 
planning of proposed new programs or materials for energy education. 
The questions will be of special interest to persons considering under- 
taking th^development of ^uch programs and to those who must evalu- 
ate plans for materials.development projects. 



Content 



The content of an energy education program must reflect''' and 
support the goals and objectives of the program. Since the goals and 
objectives of an effective energy"Ta?fcati^ii program encompass a 
variety of behaviors ar\d an extensive knowledge base, the content of 
such a program will, of necessity, include bo.th skills and knowledge 
areas. Thus, ^r criteria include considerations bo^h of the informa- 
tion and knowledge conveyed to the student (the cognitiv^ domain) and 
of the skills in values clarification, goal setting, problem solving, and 
decision making (which have behavioral components io both the cogni- 
tive and'the affective domains), * ^ ^ " 
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We shall discuss these processes more fully in a later section 
of this paper in relation to the instructional'strategies employed in 
energy education. 



^ . BEHAVIORAL OBJECTIVES 

I. The student" identifies the following attributes of energy- 
energy can change thm^, energy added to a system changes 
the system; energj? ha^ different forms, jnergy can be con- 
verted from one form to another form 

3 The student gives .'examples from his own e?cperiencc of 
heat encrgy*3od light energy <;}iai;ging a-system,* ^ 

6 The student describes 'the energy conversions m various 
'systems e g», a ligliy)ulb (electrical energy to heat energy 

and Iiglit^ energy). '3 b'yzzer (electrical energy to sound 
energy), ^ wocM-oxygen system (chemical energy to heat 
energy and light energ)^), a boy, doing work (cheVnical 
energy to' kinetic energy 

7 The student ident^fies'tfie source of energy for a familiar 
system (animal, plant, car. electrii; appliance) and describes 
some of the energy conversions that take place in' 
eacji system. 

8. The, student discuses events in. the IifeW ^ames Prescott 
Joule i^ ^relation to his scientific contribiJtions and to the 
* culture of his time. 

15. Given several illustrated situations, some of which depict 
work being done and some of which do not, the student 
identifies ihose pictures in which work is bein^ done. 

20. The studen^de'ntifies a fuel as a chemical substance that 
interacts with oxygen to release stored energy. ^ 

21. Given a description (wrftten and illustrated) bf a situation 
where several energy*converting systems have different 
ampunts of fuel, the student identifies the system which 
can release the greatest amount of energy and orders the 
systems according to their capacity for releasing energy, 

2*3. The student .writes a short essay on how hi^ife would be 
"'different if all the coal and petroleum on earth war^ 
used up. ^ " ' 

27. Given data on a sample of water of mass m (la^ilograms), 
at temperature tj. and told that heat energy 'is added until 
the temperature is at t^). the student determines the quan' ^ 
tity of heat energy (in^kilocalories) added to the sample. 

2^. X^e student identifies the following attributes of energy 
from the sun. keeps ali the water in the oceans from 
freezing, makes* the wind blow, is stored in petrdleum 
and coal: is converted into sugars and starches>by green 
plants, moves water from place to place on the earth's 
. surface, and is the earth's most important source bf energy. 

30.* The student writes a short essay on what his life would 
^ht like witheuir the sun's energy. 



Figure 2. Illustration of cognitive domain objectives concernir>g enejgy "Behavioral Object 
for the Joule Unit'* (excerpt), from Champagne and Klopfer, 1975. pages 26-28. 
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affective objectives . ^ 

receiviKg 

The student is alert to everday situations where energy 
IS being wasted 

The student recognizes that ter or his actions have an 
effect on the'national consumption of energy. • 
RESPONDING 

The student voluntarily seeks out information about ways 
to limit her. or his personal consumption of energy 
The'student is willing to dress more warmly mdOorsin the 
winter in order to help limit family fuel consumption 
VALUING 

Tlie student has a sense of r^onsibility for keeping the 
waste of energy in the home at a minimum . 
. The student recognizes the desirabihty of using public 
transportation rather than a private automobile whenever 
possible. , . 

The student assumes an active role in keeping the waste 
of ene^fey un the home at a minimum by shutting off 
' iighrs in lirtoccupied rooms * I * 

The student seeks out information about the cost benefits 
of limiting apph^ihce use in order to influence her or his 
family to limit their energy consumptibn m this way 
The student displays iier or his convit^um of the need to 
develop energy source^ alternative to fossil fuels by encour 
aging elected repres<intatives to support researdi on alter 
native energy sources. ^ 

The student displays ffex^r jus conviction of^he need to 
reduce energy consum|ition by urging the family to keep 
the thermostat at the nnnimuni level necessary for c;umfort 
m the winter • / ' 

ORGANIZAXION /^y 

The student relates !?^r or his desire to own a large^^- 
automobile to the need -for conserving energy. 

The student reexamines her or his p/eferences for certain 
kinds of architectural struiS^ures|^ m terms of .whether they 
help or hinder energy^ons^Mhrib^ ; 

The student attemptsLjiudi^UfilJharacteristics by wjiich 
her or his family coulcl develop a plan for limiting their 
consumption of ene;"gy. ^ 

The student judges candidates for elective office partly irf. 
terms of their cominitnierit to alternative energy smirces/ 
and the need to limit energy use ' J 

The student judges arguments by public <i|lres~ aJBout 
the feasibility of limiting energy consumption .m^rms 
of what ^ she or he knows about the need t^^^ so. 
CHARACTERIZATION '7 
The student is predisposed to consider ways of ImHiing 
. energy consuniption uf making a deciiion about a hdiise 
she or he wUi build or buy. ^ ^ / 

The.studen^t views h^er or his career choice m tern^qf 
her or hfs desire to seek ways to limit energy consunj^^non 
or to seek energy sources alternative ;o fossil fSls. 



Figure 3. Illustratjon of affective domain objectives concerning ^neFgy 



^Content ^relating to information and knowledge must be con- - 
side red from two standpoints, completeness and accuracy. Our cur- 
rent energy dilemma is highly complex, and even a superficial under- 
standing of its complexities requires some knowledge in several of 
the academic disciplines. Some elementary knowledge of principles 
of physical, biological, social, economic, and political science is 
necessary for an appreciation of the complexity of the energy dilemma 
and for informed^ sensible personal decisio/is about energy use. This 
suggests that the eContent of an effectiye program of energy education 
will be multidisciplinary. The effects of an energy e'ducation program 
that considers the energy dilemmfe from the perspective of a single 
academic discipline can be deleterious to the goal of .attaining informed 
knowledge of the issues in energy use! Such perspective iSfiay sugges't 
simplistic solutions #to a complex problem, solutions that are not likely 
to be satisfactory. 

' Accuracy of informational content needs to be tonsi/iered from 
two perspectives, the correctness and precision of the information, qn ' 
the one hand, and the intellectual honesty with which it is presented, on 
the other. Checks'on the correctness and precision of information can 
be made with relative ease by experts from the relevant academic dis- 
ciplines* The perspective of intellectual honesly of'inf^>q^atio'nal con- 
tent is more subtle, "^his^oriterion Requires that students be made 
aware _o^ the fact that some of the information presented is tehtative 
and that in our complex wo'cld^jpany dec^isions are made in the absence 

of complete information. It also requires that general principles with 
r 

regaSrd to energy conservation, rather^than specific dictums, be taught. 
This ^distinction can be illustrated by an example from the health field* 
Some years ago the public was urged to have annual chiest x-rays for 
the purpose of the early, detection of tuberculosis. When the realiza- 
tion of the potential dangers' of regular x-rays forcfed a change in this 



health policy, many people took the attitude that this was yet another 
example of the contradictory advice of the ''^perts, " in this case the 
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physicians. If people ha<J been taught ^^he he^alth principle behind 
armuaroc-rays--i|^^mely, that early detection of TB improves the 
prognosiS'-and then had'been given alternative means for early diag- 
iK>sis, the ei4^pi^ oi changing recomTnendation would not have been 
as negative. Similarly, if st^adents are taught general principles re- 
g,ar4in^ ene ngy. education, ratHer than specific rules, they will be 
better a"ble to cope with the vicissitudes of the energy situation that 
can.be expected in the frftu^^e, 

'The informational content of energy education ^programs will, if 
it meets the criteria suggested, above, provfde the basis on which deci- 
sions ean be made ^d plans of action can l^e formulated. Providing 
information alone,* however, does not insure that the student has the 
skills nece'ssary to use th^s-^nf ormation to solve problems or to make^ 
decisions or plans. Thus, included as a pa»fci?f the content of an effec- 
tive energy education program should be oppgrtunities for students to 
develop skills in decision making and problem solving. While the 
development of these skills is often jlncluded in statements of educa- 
tional goals, there is evidence that they are given much less attention ' 
in schools than knowledge goals. If energy ^education is to Achieve 
its goals, the teaching of decision-making and problem- solving skills 
;will need to be emphasized in the content. 

^ If goa^s of an energy education program include having students 
apply decision-making and problem- sblving behaviors to energy-related 
situations they encounter outside the',school, the development of skills 

in values cfarif ication'and personal goal setting will also need to be 

I > 

included in the energy program's content. Students will conserVe * 

Tills appeaf s to be true even in schdbl subjects such as science 
a«d social btudies whei^ problem- solving goals are more highly touted 
than knowledge goals. For discussions of this issue in relation to sci- 
ence and sicial studies, see Champagne and Klopfer (1977) and Massialat 
and Cox (l%6); ; . 
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energy outside the school only when this at:tion is Consistent with their 
personal goals* Helping students clarify their values and understand 
the consequences of their goals is a very important aspect of ene'^g^^^ 
education's content. 



The foregoing "discuss 



on delineates some considerations we feel 



. should be 'kept in mind in planning the content of energy-eclucaUon' in- 
' structional materials or programs or in judging such content. Table 
A-2 (Appendix A) presents a mijare ^detailed apd specific list of ques- 
t^ions that should be considered judging the'content of effective energy ' 
education ^materials• Figure ^-1 (Appendix B) shpws the sc ieijce .con- 
tent as it. is plresented to the student in one set of instructional materi- 
als' on energy, the Joule Unit , - ' >. 

Afi a final note, we point that our Criteria hiave some ioteres^t- 
ing implications for oUr present system of formal education. To meet 

the criterion of multidisciplinarity.of content, for example, formal > 

i, 

education. must be i)Xepared to break down its traditional subject mat- 
ter barriers. The inclusion of content in the areas of decision making^ < 
problem solving, goal setting* and values clarification also reqiiiife # 
considerable departure Trom traditipn. Thus, while we believe theCI* 
formal education can provide individuals with tlielnf ormation, sk^s, 
*and motivation needed to cope effectively with the current energy dilem- 
mil, we anticipate that effective energy educa^on will ^require fifbm 
- schools a Villingness to reorganize the usual compartmentalization of^ 
»^ school subjects. . , * 



The Joule Unit (Champagne & Klopfer, 1974a) is an instruotioijal 
unit on fenergy intended to be used by elementary and middle school, stu- 
dents as part of a comprehensive science program. * Materials from the 
^oule Unjt are used here and in other places in this paper as illustrative 
examples of the application of 9ome of our. principles of instructional 
^ design. 
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Instructional Stra-te^s^and Materials ^ 

In our view, goals^f an energy education program ne^bes- 
sarily cover a bro^d range of knowledge and behavibrs of different 
levels of complexity. In order for these goa^s to be feklized, they j 
must he translated accurately into effective teaching procedures and^, 
instructional materi^s. The process of accurate translation, known 
as instructional design, is a connrpW o;ie. Each of these- aspects of. 
instructional design--defin^g teaching procedures^and develpping 
tnstruc^nal materials- -will be consi<feted in turr ' ^ 

On> important step'ir; the definition of teachiife procedures is 
' " ' f * ^ 

the statement in behavioral, terms of what ts to b^earnedby the stu- 

dents,- Once the desired outcomes for a prograi:Q^are ^ated an^ clas- 
sified, a next step in the design proceas is to select appropr^te 
teaching procedure to bring abbut a desired outC'omfe. , Learning theor^ 
suggests that behaviors^ from different domains and 'behkviors of dif- - 
ferent levels, of complexity areU^ned in (fifferei^t ways^ ^ar exam.- 
ple^, riding a bicycle (a high^/level psychomotor behavip*) and spell-- 
ing cat (a lower level cognitivi behavior) are both learned behaviors. 
Each is learned under very efferent conditi9n8. : ^ ' 

An instructional strategy is the process by'which th**e conditions 
•for learning a certain class of'behaviors are created.. For example, 
^ in.cases where it is necessary to impart informaHon to (he student, a ' 
didactic insJructional strategy may be. used. Figure B-i (Appendix B), . 
a reproduction of Joule Lesson 5, in which information about types oi 
energy conversio;i is presented to the student, illustrates the didactic 
instructional strategy. Other kinds of instructional ^strategies are us^d*"' 
when it is desirable for the student to learn higher le vel- c otf nilive behiyl 
iors. Joule MinEx 3, reproduced in Figure B-3 of Appendix B, illus- ' 
trates the application of modeling to teach a problem -solving behmvior. 
, "A Seminar on. Energy, " part of which is Veprodufced in Figure B-4 
(Appendix B), ilTustrates the use of simulation to teach students ho^ fib 
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behave when participating in a seminar* Modeling and simulation are 
instructionial strategies, sometimes used to t*ach complex behaviors. 



There is a. considerable body of res^^rch and ps^cholcJgical ^ 
theory from which evolve principles that are useful in designing in- 
structional strategies for successful teaching of behaviors' fitnm dif- 
ferent domains and of different levels o^f^-c^nplexity. An example of 
such a principle involves the relationship between ^experiences with 
physical objects. and the learning of abstract concepts,- Some psy-,*. 
chologists belieVe that understanding of physical concepts is gained 
only after having had ^the opportunity to experiencje them through the 
manipulation'of plhysical qbjects. This principle is illustrated in the 
excerpt from Joule Lesson 5 in Figure B-2 (Appendix B). In this les-' 
son, the student experiences the concept of energy conversion through 
manipulations and observations of a battery-bulb'-buzze'r.^ystern. The 
student experien^s firsthand the conversion from potential energy 
(the chemical energy sfored in the battery) td kinetic energy (tKe light 
and heat from the bulb and the sound and the heat from tKe buzzer). 
The Joule MinEx 3 illustrat^ in Fig;ure (Appendix B> is another 

illustratioa of the applicatioji of this\ principle, 
\ . ' " ' \ ' ' • ' ' 

Educators are most experienced in designing instructional strate 
-gnes to successfully teach the lower level cognitive bejfi[aviors. The 
higher level cognitive behaviors represent a greater challenge. De- 
signing inftructional strategies that teach people to take, action on the 
basis of what th^yr. haveJ|ea-rhed in energy education is a challenge of 
an altogether different'order of magnitude, « 

• It cannot be assumed that providing students with information 
about energy and the sho'rtage of energy necessarily will have any 
effect on thei^actlons with regard to energy consumption. Indeed, 
*lt has been the'findiii^.ef educators in other fields where |i goal of 
edScation is to change people^s behaviorB,^e.-g. , nutrition, that pro- 
viding people with information does not change their behaviors (see, . 

Er|c * . ..^23 \, . , ' 



for example, Hochbaum, 1977^. , Behaviors related to energy consump- 
tion, like ihose related to eafhig, are, in general, habitual, requiring 
no deliberate attention from the individual. To achieve the goal of) <> 
changing students' behaviors with respect to energy consumptidfi, the 
instructional strategies of an energy education program ^ust t^W this 
habitual nature' of many of these behaviors into account. / 
. ^ . • ^ / ' 

As 'a first step toward -changing these behaviors, students should 

* * > 

be made aware of their habits of using energy, i.e. these behaviors 
must be brought mto the realm of conscious attention ^d decision 
Uiaking. Further, instructional strategies shbuld make provision for 
guiding students in the process of making respohsiblfc, informed 'deci- 
sions about their'use of energy. And, just as it is true that a decision 
make i* who -miTst choose'^a program of energy education must make this 
decision on the basis of what is valued, so a student making a decision 
about his or he^ use of energy must also make 'this decision on the basis 
of what he or she values. This implies that the instructional strategies 
of an energy education program will need to ^e concerned ;writh helping ^ 
children identify an|f^ clarify their own.valu4s. This further implies 
that the student should not merely be asked to. state his br her values 
with respect to energy, but also that.^9 tudent be aided in the process ' 
of identifying and clarifying such goals.^ Especially important in a 
program with the goal of changing students' behaviors or actions is 
the opportunity for stud^ts to s^et goals for themselve's, on the basis , 
oi tfieir own values. Goals are "rndisjpensjble for action** (Kreitler\ 
Rreitler, 1976, p. 103) and are necessary links between beliefs and 
values, on the one hand^, and action^, on the other. 



9 ^/ . * 

Various techniques for values clarific;ation have been devisejft 
and some of the most interesting ones are discussed in Raths, Harmin, 
and Simon (I966), , • ' 



The clarifying of values 'ahd the setting of goals can be viewed 
as prerequisite 8 to an individual's changing his Cr her habits -of ener-' 
gy consumption* Sucli a goal might "be broad and altruistic; for exam- 
pie, "I would like to conserve energy for the sake of future genera 7 ' * 
tions* More relevant,to the student and, therefore,* probably more 
effective in changing the student's behavior wpi^ld be a goal such* as, { 
"I would like to reduce riay family's utility bills, " ij^any case, having 
formulated a goal, the student can then go about the process of making 
responsibly decisions about energy consumption, 

^ The foregoing ^^cvk^sioa^s-uggests a number of questions to be 
considered in designing the instructional strategies of a program of 
energy education, .We have listed a sampling of 'Such ^^uestions in 
Table A- 3 of Appendix • . ^ ' 

Not only must an instructional strategy be appropriate to the 
desired behavior, it must also be appropriate to the learner charac- 
teristics of the target population of students, jand it must make ade- . 
qua te* provision for the individuajl differAices and neec^^f individual 
children* S5, too, the instructional materials must be designed and 
produced to fit the learner characteristics of the target population and 
have built-in mechanisms^f or accommodating to different individuals' 
learner characteristics. 

The questions in Table A^4 of Appendix A* are included to provide 
a framework for consideration of issues^ relating to student instruc- 
tidr^ mat^ials, Charact€?ristics of the target population which can 
be predicted with a iVioderate degree of accuracy include level of* read- 
ing ability, level of cognitive development, Of motor skill develop 
ment, and achievement level in mathematics. Materials should be 
developed to match what is ^ne rally known about the level of develop- 
ment or achievement of each of these characteristics in the target 
po^rulatiom However, even within a well-defined population, children 
wtU exhibit these characteristics to greater or lesser degrees, A 



well-designed program will make .provisions for these inSividual dif- • 

feretices^ * As an example, we can cite the use of*read-along audio 
^tapes designed fo^ accorrtpany printed instructional materials. The 

prinffed materials afl written for children who are readl^^ at. grade 
. level. The audio tapes r^re^ent an accommodat;ion to the irltiividual*' 

needl of^ those children, who ^re r.eadihg below grade level ' ' \ 

Vhere^^re other ways in which fchildr^en's' learning requirements • 
differ th^t are not predictable simply by Snowing the characteristics of 
the population of which th^ student is # member. Students differ iti the 
sensory mode by which they'leArn information be sfV. s^e galnirig more« 
information from listening and pthers from reading or from* TV or^ 
movies. & . , ^ ^ - 



• Children also exhibit preferences for differei^ sociaj settings 
-for learning. Sbme prefer to learn by themselves, obhers are more 
satisfied learning by interacting with 9tJ^r8--the teacher or their 1 
peers. An important point for conside?:ation in any educaUonal pro- u 
graip is the^extent to whtch accommodations' for? ^hese aft^^er^dif^ 
, ferences are made m the instructional materials, 

• The-f^e-^r^ both theoretical and techrtical,conSide rations that 
should be given to the desigr^K^production of p^rint media,' iUustra- 
tions, visualg, sound rexrordingB, and fUH^s. The selection of thesp- 
to fulfill specified iilstiructional requirements should shc^v the aware- 
ness "and use on the'part of <ie signers of the research relating to theiV 
most effective jise irt^teart:hing for specified outcome^^^ , Sections E, 




,10 ' > ^ . 

THe ideas expressed here relate ^9 the notion of adaptiw-teduca^: 
tion. One complrehjn^ive account of this notion may be found ^/n Qlg^Btr*^ 



Reviews of research m these areas have been undetta^^ 

various p^Httts of view by educational theorists. See, f^tr example, the 
reviews By I^vie an d- Dickie (1973); Frase (1973)j a'nd Witt roek. and' 
J-umsdain^ ,(1977); * 
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F/and G^gSt^T-able Aj 4 contain questions that pertain t/o the. level 
v^technicA qji^ality o? thfe instructional materials. ^ These questions 
focus on the l«^e of whether the materials have been prodfuced'^tare- 
fuUy ©♦whether slipshod techniques were used. Some specific ques- 
l^oqs listed^ in those sections of Table A-4»may appear to be extremely 

rtig. Nevertheless^ in the aggregate, these questions are very 
rt|6it. Tec^mc^l quality can either enhance o^ limit the effective- 
ness of -instructional materials anp^ the instructional strategies which 
re us^d in them. * 



The Teacher 



^ The l^efehVr is th^^s ingle most important element in an educa- 
tional endeavor. ^Without competent, conlmitted teachers, even the 
b^st conceivefi'^i^d m<^sl canefuUy devi^loped educational program can- 
n<Jl be successful. pPO'^Tlslfohs must be made in e&ucatipnal^ programs 
to provid'^ teachers with adequate preparation for the task of imple-, 
menting the pirogram and for coi^tinued su^port^diiring the implementa- 
tion process. - ^ «? 



Th^ implenientation of energy education prbgrams will represent 
challenge Aven to the mo*st experiencve^ and ^eative 'teacher. The ^ 
multi^iscipltnary cha racte^ of ^tfie energy dilemma and the need to pro- 
vide ^experiertCies that w^l give studehtfeS>pporttinities define their 
personal g oils, cla rify^values, and examine their behavijprs combine 
jto make energy education a major undertaking for the teache/.. To 
* -experiettce success, the ^ea^h^r must be 'committed to energy educa- 
^tion, be Knowledgeable in several academic disciplines, be able to 
^ integrat^e this knowledge and'bring it to bear on the enei*gy dilei3:ima, 

and be competent to teach for complex skill attainment and positive 
t , attitude^^e^lopmeij^* .We can prfedict that, in large measure, \he 

initiaVsuccess of an erie.rgy^prog^ram wilt be determined by the extent 
^to which the teacher preparation program is ^succes<#ul in helping 
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teachers dpv€lop these attitudes and competericies. Section B of 
Table ^-5 (Appendix A) contaijis.some specific questions relating to 
the conceptualization of a teacher preparation program for energy 
treducation. 

Section A of Table A- 5 addresses severai interrelated issues 
'pertaining more directly to the teacher's personal role in an energy ^ 
education program. The questions in Section A provide a framework 
for assessing the teacher's pbtential for experiencing success in an 
energy education program. The teacher's success'will be determined 
in part by his or her owh abilities and characteristics arid in part by 
factors external to the teacher. Both the? teacher and the situation in 
'which he*or she will be teaching should be carefully considered when 
selecting Ceaclfers for participation In a program. No amount of prepa 
ration o> inservice support can overcome the deficiencies ot a poorly 
trained teacher or the resistance of the reluctant teacher. Questions 
related to the personal characteristics of teachers can also be used 
as a basis for diagnosing the needs of teachers who are being pre- 
pared for teaching' in energy education programs. 

Other questions in Section A of Table A- 5 examine factors exter- 
nal to the teacheirwhich will impinge on the teacher and influence her 
or his success. Some of these factt^s include the administrative sup- 
port the 'tea<3(|^r can^ex}),ect and the physical classroom faciliUes, 
6quipment, .and other services afvailable to the teacher. Even a well- 
p/epared and highly motivated teacher can become discouraged and 
experience failu,i:e in the face of a difficult teaching situation. 

Another issue, one addressed by the questions in Section C of 
Table" A-5, concerns the ad'equacy of the program's teacher materials 
to provide the teacher with continuing information and support dulling 
the implementation process, ""Teaching a new^rogram requires the 
learning of much more information and the development of new teach- 
ing skills* More learning^is required than can be absorbed in the time 



usually allotted to teacher prepai^tion programs. Therefore, much of 
the infcJrmation presented during the teacher preparation program must 
be available -to the teacher when she or he is back in the classroom. A 
welt-designed manual containing carefully selected and written informa- 
tion tan provide^he teacher with ongoing support* For example, suffi- 
cient information on the subject-matter content should be provided io help 
y the teacher feel confident that the necessary information is readily avail- 
abVs to cover most classroom situations. Figure B-5 (Appendix B) shows 
an ex«rpt frum the Xoule Unit Scienco Content Overvi'ew. The purpose of 

-^cie'iv-" ^"'oM»^r.i' vorvit^w is to provi<ie the reache r with backg round 
ir.iori^.at a^o'i' ihe science ^.ontent taught ia the Joule Unitv 

- T h*3 :>ers')riat ^ r a racte r is tic b of th^ teacher ctnd the type of school ^ 
Situation ui which he or she in to ase an energy education program are 
among the strongest influences on tKb success of a thoroughly conceived 
program m the classroom. * The teacher materials provided by an energy 
educ.ation pr^jgran^, however, will be vitally important in communicating 
to the teacher the attitudes, knowledge, and skills that axe required *in 
this new educational undertaking* 

Student Assessment ' ^ f 

V 

i • 1. at '.r, nro^ran' - ■ -hi jt'.v^t.cas liit prc^jraii 

> A' (' : .'^jr :iai '^.uutint.^s learn .^ad hr.w ^hc•^r ;)ut-of - school be- 

m 

f<t;,ors . .ciii ;il ■^**btui^rd ins'nu^iv^r. may It-arning pc^Sbible and 

\ ri v^idt'-j ; M I. ^^' . ^ _r ^.rian-^r^ ir :;t.ucif;ntfe ' bfhavijro to occur: well- 

iL'/.c d a'^S" isii.^jiit r I y^cCnurts mcrf^tst ih'e r;roL:)ainlity that stndi.nt? 
will acquire new knowledge and skills that they will make use of the 
opportunities to develop new behaviors. Providing for the assessment of 
students' achievement or iJehaviGr in, any aspect of an energy education 
program serves to focus the students* attention on that aspect- -be it ac- 
quiring knowledge, learning problem- solving skills, clarifying values, 
developing attitudes, or making decisions. Aspects of the program ip 
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, which students^are not.assessed tend to be ignored by the students and 
viewed as unimportant. If. for example, the energy 'education program 
seek? to improve the students' capabilities in<making decisions about con- 
serving energy but only provides for %.ssessment of their knowledge Df 
information about energy, the chances for realizing the^outcome of im- 
proved decision-making capabilities are greatly decrlased. ,St^udent 
assessment, then, is a key factor in determiuing the extent to which stu- , 
dents will attain the desired outcomes specified by the program. 

♦ Procedures. and instrume-nts for student assessment fall into the 
area of educational measurement and evaluation, about which a gbod dedl 
is known as a result of several decades of ^ea^eafch arid expeTience. 
To prpvide for student assessment in an energy education program, it 
usually will not be necessa^ to invent -something completely new. Rather^ 
most of the needs for student.assessment in energy education can be ful- 

< 

filled by'ihtelligently applying and adapting existing assessment proce- 
aures. Whether this has been done.or will be done is an important ques- 
tion to raise about any particular extant or proposed energy education 
program. For a program that already has som'e provisions for student 
assessment, we would next inquire whether or not generally accepted 
assessment procedures and practices were emiJloyeil. » ' . 

Virtually all systematic assessment procedures begin with clear 
specifications of the objectives' the student is to achieve. It is for this 
rea^ that, in the earlier section of this pliper on goals and objectives, 
we in^ted on the i^ecessity of writing functional statements of objectives. 
The effort involved in making these statements as" clear and precise as 



12 V 

The many years of work in educational measurement and evalua- 
tion have produced countless assessment instruments and a vasl.number 
of papers and books about student assessment procedures. For Xis, the 
two most useful compendia on student assessment are Bloom, Hastings 
and Madaus (1971) a*d Thorndike ngTl). However, educational Measure- 
ment and evaluation is a very busy area, so the current periodical litera- 
ture also must be consulted to keep abreast of new student assessment 
procedur-es. . ^ ' . 

V^--" ^ ' <■ 27... 30 
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possible is worthwhile because <|hey constitute the basis for designing 
ap|>ropriate assessment procedures, and that task become;8 much easier 
wheni^ere is a minimum of ambigpity about the learning and be,havioral 
outcomes expected of students as a result of their experiences in the 
program. The ^^tements of objectives should cover the full range of 
expected outcomes so that, taken all together, they can be used to define 
the total population of student learnings and behaviors which will be sam* 

^ pled by means of the assessment procedures.* It is patently impossible 
to assess students on each and every desired* outcome that an energy 
education program specifies, but it also is essential that no cru^/^^ or 
highly valued outcome* goes unassessed. Hence, another key question 
about the adequacy of the assessment procedures coijcerns the extent to 
which the sampling of student learnings smd behaviors which actually are 

^assessed is balance^ and represents the total population of desired out- 
comes. In Table A-6 of Appendix A, we have listed a number of addi- 
tidnal qu^st^ns thiat should be considered in judging the adequacy of stu- 
dent assessment procedures of an energy education program. 

Two cautigns must be kept in mind when confronting the matter 
of studeS^^^a^s^ssment in energy education. First, student assessment 
is alihost certain to be incomplete and inadequate if it deals only with 
learnings in the cognitive domain. The temptation to do tl^is is strong 
because assessment procedures ^d instruments are presently most 
. fully ^developed in the cognitive domain and because educators are most 
familiar with assessing cognitive learning, and it seems safe. However, 
as we have argued throughout this paper, cognitive learning is merely 
one component of energy education. At least as important, and proba- 
bly more so, are the development of problem -solving skills, clarifica- 
tion of values, improving capabilities in decision making, and develop- 
ing appropriate out-of-school behaviors with respect to euergy conser- 
vation. Student learnings and behaviors in these aspects of energy 
education must als5 be assessed. Admittedly^ procedures for such 
assessments are not so well developed as in the cognitive domain and 

■ ' o , ' 

Er|c ' '' 31 ' 




a little 'more invagination and effort are required to carry ,them out. 
But, these are insufficient grounds fpr omitting student assessment.in 
crucial aspects of energy education. 

'< ' 

The 3econd caution is to avoid reliance on student self- 
assessment as the sol,e assessment procedure ^here important as- 

' pects of energy education are concerned. All too often in instances 
when setting up a more systematic assesstnent procedure is difficult, 

^umbersome, or expensive/ attempts at assessment are abandoned or 
Students are asked to assess their own learning and behavior, Self- 
assesSment alone is insufficient, howevec. W.e do believe that self- 
ass Cssment of one's own learning is the best and ideal kindj^^iij^^^n- 
trast with assessments externally imposed on individuals. In fact, 
we have been party to an instructional program that has as a goal the 
develo'pment of the ability to assess one's own learning in straight- 
forward and clearly defined situations. But we also know that suc- 
cessful ^eVf-assessment involves speciflc^kills that must be learned 
over a considerable period t^me. Very few students have opportuni- 
ties to^learn these skills in schools today, so that very few are able to 
assess their own^learning. This is true especially for situations wiiere 
the learning or behavior is complex and the assessment criteria are 
ill-defined. i;liese characteristics describe, it seeps to us, .many of 
the important desired outcomes of energy education, and we are not , 
hopeful that self -assessment will be a highly successful assessment 
procedure with respect to them.' Wfe are nbt recommending that self- 
assessment should not be used, but we do urge that it should not be 

~ * '']'.' / ; ' ^ 

. . A brief discussion of the goal of studfent self-assessment in the 

Individualized Science program is contained in Champagne ^nd Klopfer 
(1974cy, and specific illustrations of self-assessxx/ent procedures may 
be found in Champagne-and Klbpfer (1975). Evidence about how well ^ 
students can assess their own learning is presented in the research 
studyT)yJWalker-(19<^5). ^ /; • 




relied upon ks the only procedure. Here, ajBffwith other issues related 
to student asses smentj^ good sense guided by reliable knowledge must 
prevail over expediency if an energy education program is^o have the 
best chance for being effective.* 

''^ Implementation ^ 

We have addressed in some detail the philosophical and theoreti- 
cal^ssues that must be considered in desigjiing an energy education pro- 
gram. Th^ decisions that are ma^e about these aspects of the program 
and the success with ^ich these decisions are treuislated into class- 
.room procedures and materials for the teacher and students represent 
pne factor that will determine the extent to which the program is adopted 
for use in schools. Education is not, however, all theory and philoso- 
phy. The adoption and success of a program depend also on economic 
and practical con^de rations. The cost and the ease of implementation 
of a program, both at the school and classroom levels, are factors of 
major importance to school administrators and teacKers. 

A program with high initial or replacement costs or a program 
that makes excessive demands on school resources (classroom or 
storage space, time for teacher preparation," for example) is not likely 
to be adopted by the school. Questions^that should be asked about both 
immediate direct costs and long-term indirect costs of a program are 
posed in Section B of Table A- 7 (Appendix A). 

A progr«^m that is difficult for the teacher to implement will ik)^ 

: . ' ^ ■ '\ 

be used. The packaging of a program must be *de signed so that it is 
'convenierit for teachers and students to use. Sectixjn A of Table A- 7 ' 
addresses spme very pragmatic issues* that influence the ease of imple- 
mentation of a progrsfm. Consideration of £hese issues in the process 
(}f disguising a program can reduce the probability that the program 
will l^ter have projblems in adoption or implementation. 



Program Evaluation 
' \ • 
In the preceding sections of thfs paper, we have -delineated a 
large variety of considerations about energy education lhat influence - 
the effectiveness and success of an energy education program in 
schools. Questions about a, program's rationale, goals, and objec- 
tives, its content an4 instructional strategies, and its provisions for 
the teacher, for student assessment, and for implementation repre- " 
^ sent considerations about the internal qualities of an existing or pro- 
posed program. In this Action and the next, we tuili to considerations 
external to an^energy education program that are pertinent to making^ 
decisions about its actual or potential value. ' * • * ' 

Persons who ar6 responsible today for making decisions about 

educational proferariis' are fortunate. Unlike in the past when such 

decisions had to be made primarily on the basis xaf testimonial evi,- 

\ ^ ' . ' 

dence and fortiiitous observations, there is today an active area of 

evaluation re sealrch in educaUon, bne of whose primary purposes is 
to provide reliable information' to educational decisionmakers about 
how well educational programs "work. "^^ This is- not the place for 
us to give a short. course on the techniques and procedures used in 
program evaluation research, but we can point out thrt the findings 
from evaluation research represent tlTe kinds, of evidence that can 
serve as the basis for decisions abotit the value of a program. While 
program. eyalu»tiop researx:h.fi^dings are not the only evidence that a 
decision njaker shoul^^onsidef, she or he is foirtunate to have them 
available. « .' - ' ' # ^ 



To anyone- seeking more informatipn in the area-'of evaluation 
research, we heartily recommend an excellent discussion on the -philoso- 
phy and methodology) of educational evaluation in Cooley and Lohnes (1976). 
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^ . Several kinds 6f evidence should be provided inr the fihdings from 
ati evaluation of an energy education program. First of all, there should 
be evidence about the extent to whioh the program's goals are achieved 
when it is used in* schools- It is important that this evidence attends to 
all of the program's goals, not only to those that^conce;rn cognitive 
learning or those that are easy to test for. Oar remarks on this score 

4 

in the earlier section on- student assessment pertain here also. There 
also should be evidence about the appropriateness of a prograjnior the 
target population of students for whom it is intend^dt Similarly, there 
should b^ evidence about the appropriateness of the program for the 
target population of communities where it is intended to^e used, hi 
Table A-8 (Appendix A), ^we have fisted a'numlj^er of questions that 
suggest the various kinds of evidence that educational decision makers . 
could expect to bbtain from the evaluation of an energy education pro- 
grjam. 

" Quite a number of factors eiffect the adequacy of the evidence 
that is reported in program evaluation research. One important fac- 
•tor is whether the reported evj^ience comes frotn a formative evalua- 
tion or from a summative evaluation of tKe program. We have written 
elsewhere (Champagne .& Klopfer, 1974b) about the stages of arid pro- 
cedures for formative evaluaHoiis, which are conducted while the 
instructional materials of a prog^ram are in the process of develop- 
ment. Instructional mate rtAls generally are revised, sometimes 
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radically, on the basiff of f^Pptive evalua^on findings, and such 
revisions may be made several times before the final version of the 
program's materials is produced. Summative evaluations are car- 
ried out when the final version of the programlJas been released to 
the general public. _ The point to b^ emphasized is this: Reported 
evidence«based on a formative evaluation ^f a profgrayn cannot be ^ 
unc<|uivocably accepted as evidence/ab6ut the quality of ^e program's 
final, publicly released version. ^THw^Feas on is that the instructional 



materials in the publicly released version may be quifS different from, 
those used at the time of the formative evaluation/ Whe/i a research 
report is not clear about the basis of its evidence on either a fon^^ative 
or summative evaluation, the reported evidence isjnadequate. Other 
factors that can contribute ^to the Inadequacy of reported evidence are 
suggested by the questions we have listed in the second section of 
Table A-8, Educational decision makers should be ^ware df *these 
factors; yet, if the caveats ^re heeded, evidence reported from pro- 
^ gram evaluatiojj reseatoh'can play an important role in making deci- 
• sions about the value of an energy education program, ^ - < 

Although we believe that evidence from*program evaluation 

research can be very' valuable in making decisions 'about the.v^lue of* 

an e'hergy education program, we 'do not take the position that research - 

ev^idence i^ all that decision makers o^ght to consTider, especially when 

^hey are deciding whether or not to select a certain program for use.in - 

a school. Infportant aspects of decision making in this situation are 

to determine the extent to which The program's assumptions are conV. 

sistent with the beliefs of the people in the commui^ty where it is to 

be implemented and to consider carefully the implications of imple- 

mcnting an energy education program in a community wh»re its assump-i: 

* » ' . \ t \ 

tions aad the community's beliefs are incongruent. V for example, a 

program is based on the assumption that governmental c<mtrol of an ^ ' 
individual'^ energy consumption is right and proper/ it can BS-aff^Smed 
that the program will meet with some Torm of pp^sjHon in a politically 
conservative community. More liberal 'communities might find unacr 4 
ceptable any propam that does not explicitly state tiie assumptions oh * t 
which it is^based or fails to give the learner the opportunity to examine ' 
critically each of the assumptions. On the other hand, communities 
dedicated to energy corwKrvation might not require |hat ^ prograrrf 
adopted for their 8choolflU:ritically evaluate'assumptions that are con- 
sistent with the communit^s belief in energy cons^iatation. The ^ 
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possible slti^tions we have illustrat^]id*here dall att€^ntion to the fkct/ 

that making decisions about selecting Vn energy educatio^ program 

for implementation in schools is not a straightforward matter. Where 

decisions have to be made, values are involved.s, ^ 

« 

D^'sig'ner and Peyelopmfent Team Qualifications 

Our experiences and the experiences of others concerned with 
the design,^ development, analysis, and i^nplementation of educational 
programs bear witness to the observation that the quality of any pro- 
gram that is produced strongly depends on^the qualifications of , the 
pe<5ple who prpduce it. This observation is significant for making 
decistons about the value of an existing energy education program or 
the potential value of a p*roposed program. The chances of producing 
a superior program are' greatly enhanced when well-quaXified, people 
^are involved. 

In Table A- 9 of Appendix A, we list some key questions concern- 
ing the qualifications of the designers and development team of a pro- 
gram in energy education. We are convinced that the re^quirements 
for effective energy education are so diverse and complex that a multi- 
^lented team is needed to develop a good progra|Tn, and this belief is 
reflected ifi^our questions. We also are wary of externa! trappings of 
respectability or slick veneers, but pXefer to look for evidence of sub- 
stantial accomplishments, relevant experiences, and creativity.. And, 
in addition to the personal qualifications of people, the. support pro- 
vided by the institution or organization which surrounds thjem is an 
essential component of designer qualifications. ° 

^ Our consideration of designer qualifications might more e^>pro- 
prtately have been^placed near the beginning of this paper than at the 
end, for we firmly believe that the Commitment of competent people 
and capable institutions is the single most important ingredient that 
is likely to make a difference in wheiher or not there will be e/fective 



energy education in schools, ft is our hop^ that the ideas and sugges- 
tions we have given here'^/ill be'useful to ^e singularly important men 
and women who are concerned with energy education and will help you 



, " tak^ appropriate next steps. 
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APPENDIX A. 
Tables A4 1 through A-9 ' 

Table A- 1 
• Rationale, Goals, and Objectives 



Adequacy of Rationale 



Is there a Rationale for the program, or must the rationale 
be inferred from the^program's instructional materials and 
procedures ? \ 



I 



Is the program's rationale conceptually sound? 

Are the assumptions thaft underlie th^ prog ram' 3 rationale 
clearly set forth in the rationale? 

Which philosophical assumptions underlie the program's 
rationale? For example: Do the prograjn's developers be- ' 
lieve that educators in schools have t^right or responsibility 
^,to teach directly for changes in students' out-of-school behav- 
iors? Do they believe that individuals have a right to consume 
as much energy as they please and can afford to pay-for? 

Which psychological assumptions underlie the program's 
rationale? For-example: Do^the program's develogers be- 
lieve that it is possible in the context of formal education to 
teach children to change their out-of -school energy conserving 
behaviors? ^ 

Which assumptions about social policy underlie the program's 
rationale? For example: What do tfee program's developers 
believe about the extent to which formal education should act 
as an active agent of social <^ange by teaching indiviSuals ways 
to adjust their lif^^stylej in the face 6f energy shortages? 

Which political assumptions underlie 'the program's rationale? 
For example: What do the prograxp's developers believe about 
how much control the federal government can exert ov.er the 
energy* consumption of individuals and businesses? " 

Which scientific assumptions unaferlie the program^s rationale? 
For example: Do the prog ram »^s developers view the conver- 
sion of solar energy as an important source of energy lor 
power gcrJ^ ration? What is the developers' stance with reg;ard 
to the safety of nuclear energy sources? 
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^Table A-1 (Continued) 



9. ♦ Whic^'economic aesumptions underlie ti\e program's rationale? 
For example: Do the program's developers believe that the 
cost of , energy to individual consumers should be kept reason- 
ably low? 

10. Does the rationarle include any unwarxant^ed assumptions or 
uncritically a^ept any untested assumptions? 

lU Are the assumptions underlying the program's rationale con- 
sistent with those held by individuals in the communities where 
the program will be, iised*^ If they are not, what are the impli- 
cations of the discontinuity 

12. Are the assumptions underlying the program's rationale made 
" explicit to the learner through the program's instructional 
materials? 

Conceptualization of the Prograir^ 

^ 1. Are there explicitly stated goals, or must the goals be in- 
ferred frorti the program's instructional materials and pro- 
cedures? ' ' o 

2, Are the goals of the program consistent with its rationale? 

3. Are goals Included Whicft attend to the teaching of information, 

• *th^ development of problem- solving skills, and techniques of 

personal values clarification, decision making, and goal set- 
ting? : 

'4# Do the i^oals include engendering out-of- school behavior 

changes in students, or are all goals stated only in terms of 
^, behaviors related to the formal educational setting*^ 

5. Are the goals appropriate for the target population of students 
who use the program? ** 

6. To what extent are the goals* acceptable to the greater SQciet^ 

* and to special interest groups concerned with energy*^ 



it-****- 



?• Are the goals^ stated with sufficient 'sp^ificity to test the con- 
gruence between the program's goals and the instructional^ 
strategies it employs'^ 

8. * Arel^there ways for assessing how well the goals of the energy 

education program have been achieved*^ 

9, Are there explicitly stated objectives corresponding to all the 
program's goals? 

10.. Are the objectives consistent witli the program's rationale and 
goals? 

11. Which levels of student behaviors in the affective domain^ are 
represented in the program's objectives? • 
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Table A,-l (Continued) 

\ ' ' * . ' _ 

\2. Which levels of student behaviors in the cognitive domain are 
represented in the^program's objectives? 

13. -Are tKe objectives stated in behavioral terms or iirsome othe 
way. that makes ^them functional 

14. ^o the objective^* clearly communicate the developers' intent 

to the teachers who will implement the program? 

15. Can the objectives be used by the teacher to assess the extent 
to which the program's intended effects have been engendered 
in the students?, 

16. How well integrated are the instructional components of the 
program.'^ ■* 

17. Are there provisions for monitoring the progress of studen 
and assessing thfeir attainment of objectives in the program 

What evidence is there that the design of the p?:ogram takes 
into account the findings of educational adfl psychological \ 
research?- ^ 
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C» Planning for a Proposed ^lew Program * 

1. What is unique about the proposed energy education jiro^ram? 

2. . Is there an overall plan for the design and development of Jfejie 

proposed program? 

3. Is the plan for developing' the proposed progtam feasible? " 

4. , Is a strategy built into the development plan for modifying it 

if necessary? 

5. Are the program's goal statements sufficiently specific to 
guide th^ development of instructional strategies and materi- 
als that match the goals? 

6. Does the development plan include a mechanism for formative 
evaluation? " ' 

^ V P^^" design of the proposed ^ogram sufficiently 

thorough and internally consistent? 

8.^ Does the plan for the design of the proposed program take in* 
to account the known, characteristics of «ie students who will 
use it? * ^ ' ' * ' . - , 

9- Does the plan consciously or unconsciously violate generally 
accepted tenets of developmental theory or of cognitive learn- 
ing theory? ' ^ ♦ * 

10. . What means arfc suggested in the planned design of the pro- 
posed program.f6r evaluating student achievement and ass^ess*^ 
Ing changes in out-of-school behaviors? 

43.43 




'Table A- 1 (Continued), 



11, What roles and expectations for the teacher are planned in 
5 the design of the proposed prograir^? 

12*. Doe? the planned design of the program give sufficient atten- 
tion to the management of the proposed program in the class- 
robm'? ' • ' 

13» Are the limitations in finances, flexibility," and adaptability 
of schools recognized in the plan for the proposed program? 
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Table A- 2 
Content 



A. Coverage 

- •. f 

1. From which of the academic disciplines is the *prog ram's 
subject matter drawn'? ^ 

2, Is any essential subject matter missing 'from the program's 
content? 

3* Is more subject matter from any academic discipline included 
in the program's content than is necessary to meet the pro- 
gram's goals? 

4. Are the bxeadth and depth of subject-matter content adequate 
to meet, the program's goals? 

5. Is information concerning the consequerfces- -personal, short- 
term, social, long-term--of current habits of energy con- 
sumption provided to the student? * 

6. Is information about alternatives to current habits of energy 
^consumption provided? 

7. Is tKere a good balance between subject matter and process 
skills content? , * . ' • 

8. Which skills are Included as a part ^ the program's content? 

9. Is the range of skills included in the program's content suffi- 
cient to meet the program's goals? 

10, ' Does the program's content include th^ process skills neces- 

sary for making decisions and solving problems about energy 
use which the student may expect to face? 

11. * Does the program's content include the skills the stude^nt will 

need to attain the goals of clarifying one 's« values, setting 

personal goals, and solving problems in reg^ard to one's pcf-- 

sonal energy consumption? 

« 

12, Is the student provided with" suggestions and guidance for ob- 
taining the. information needed to attain his or her goals with 
respect to energy consumption? 

13. Does the program's content help the learner to distinguish 
between emotional and ^logical arguments relative to Ihe 

• energy dilemma? 



Table A-2 (Continued),^ 



14* Does the program's coqtent help the learner to di|tinguish 
^between reliable sourqes o^ inTormatidn^ concerning energy 
'and sources that, may be biased? ^ 

B* App r op r i a t ene s s 

1. Is the subject matter and prpcess skills content of the pro- 
gram well rqatched to the needs and abilities of the target • 
learner population*? 

2. Is there, evidence that the content of the program is appro- 
priate for the range o^ levels of cognitive 'development likely 
to be encountered in the target learner population? ^ 

3. Are the skills presented in the program relating to'values 
clarification^ goal setting, and probleiii solving appropriate 

to the range of levels of affective development likely to be / 
found in the target learner population? 

'4, Is'subject-matter^content sufficient to provide an adequate 
understanding of issues relevant to the energy dilemma 
which individuals in the target learner population may encoun- 
ter? / ' 

5. Are the principled^ of energy conservation presented in the* 
pr'o^aip widely applicable to the range of energy use pat- 
terns likely to be encountered >byf the target learner popula- 
tion? • 

— % • ^ 

^ 6. Is the program's content likely to be interes.ting and informa- 
tive for the Individuals in. the target learner population?"^ 

7. Is there a good rtiatch between the program's subject matter 
and the process skills it attempts to teach? That ie, is the 

-su^bject matter a good? vehicle for teaching the process skills? 

8. What va|^s are expressed in the selection of the content of 
the program? * 

• * * ■« 

9. Does the p*^6gram present well-established principles of 

energy conservation rather than emphasizing a set of pre- 
scriptive rules that may become obsolete or outmoded? 

10. On what basis has the subject-matter content of th6 program 
been selected? 

11. On what ba^is was the process-skill content of ihe program 
selected?- 

12. Is the portion of the content relating to values clarificatix)n, 
goal setting, and problem- solving skills ^iven suf^ici^nt em- 

^ phasis compared with the emphasis given to the-^sub^ect- 

matter portion of the content? ^ 
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13, Which values are emphasised in the program's content? i 

14, Does the program's content overemphasize a certain view- 
point or belief to the extent of virtually excluding equally 
valid alternative yiewpoints or beliefs? . ' - 

15, Is the reasoning in the arguments the program presents con- 
cerning the energy dilemma alwstys logically sound? 

Accuracy of Subject-Matter Content 

1. Are the information, concepts, principles, theories, and 
speculations included in the subject-matter content cohsis- 
tent with accepted ideas in the relevant academfc discipline^ 

2. What evidence is there that the program's subject-matter 
content has been reviewed for accuracy? 

3. '^re the technical term^ drawn from the academic disciplines 
^nd included in the program's subject-matter content defined 

with* sufficient care so .that their meaning is unambiguous and 
clear? 

4. ^ When a concept which is included in the subject- matter content 

has both a popular and a technical meaning (e.g. , work)', is 
the necessary distinction clearly made*? 

5. Does the program^s content help the learnerlo distinguish 
betwee^i broadly Applicable principle^ of energy conservation 
and narrow f>re6criptive rules? 

Has the subject-rpatter content been presented in such a way' 
as to correctly distinguish fact from theory and/pr specula- 
tion? 

• , -* " " ^ 

Are any assumptions which are presented in. the subject- ' 
matteV content identified as assumptions? 

Does the learner have'the opportunity to questiqp-any assuhip- 
tions which are set forth, or are they to be accepted without 
examination? * ^ . * 

Are those well-established concepts- and principles which 
are included in tl^e subject-matter content identified as ideas 
which are not likely to be changed over time ^d on which the- 
levnerr can rily? " - • 

Whe^re the subject-matter content includes information that 
is not yet well established, are cautions given thaf the infor- 
mation is subject to cEaiig.e ? 0 -'" 

Are ideas which are'^supported only by limited evidence at 
the present time identified as tentatively held ydeas^ 
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Table A- 2 (Con^inu«d) 

12* Does the program's content help the learner to distinguish 
between tentative and well-established ideas? 
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* Table A- 3 * . 
Instructional Strat^jgies » 



1. Are the instructional strategics well matched^o the learnings? 

2*^/^ provi^ipivmade for students to exahnine ^their own habits of 
energy consumption? ^ 

3. Are -opportunities provided for the student to examine hi% or 
her own belief a.and values with respect to. energy consump- 
tion?. 

4. Aire techniques'for setting personal goals with rSbpect to 
enfergy consumption suggested to th^ student? 



5, Ark^Tieans of evaluatingr^e consequences pf his or her own 

go^l/W*- . . ^ . . ... 

studenf? I 

6. Is the student prtfVvied with the information needed to plan . 

^ ways of achieving his or her own goals ^ith respect to energy 

consumption? , ^ 

, 7, Is the studet^ provided with strategies for*" selecting or plan- 
ning ways of a^aining his or her goals? ' 

^8. Is the student provided with means of evaluating the 'attain- 
ment df hi6 or her* goals? 

9.^ Which principles' of learning theory^ are applied it^ the instruc- 
tional strategies of the progrctm^ 

10. ^ Is the process bff.xeaching desired outcomes consistent with/* 

the instructional strategies ? , - 

1 1. Which instructional strategies are used to enable the students 
to acquire a functional understanding of concepts, principles, 

* and theories? ' ' # 

12. Does the program include appropriate instructional stret^ies ' 
that enable the students to dev^p skills ih^problem solving? • 

13. Is a sufficient variety of instructional-strategies used^n the ' 
program? ' • * 
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• 4 ^able A-4 . , i, 

♦ ;\ 

Insti^uctlb^al Materials ^ 

< 0 . 

A. Adaptability to Learner Characte tidies' / 

1* Is the content to be learned appropriate to the ability and cog- 
nitive developmental level of the target population of students? 

2. 'Are thJ skills to be taught appropriate to abilities and cogni-. 
tive developinental level of the target population of students? 

• 3. Do the instructional materials make realistic, rather than 

unrealistic, demihds on the students' cognitive or manipula- 

• tive skills ? 

4. How are the students' intefest and active involvH^ent with 
» the instructional materials maintained? *" 

5. Are the instructional materials selected or designed in such 

a way as to be adaptive to a variety of learner sensory modes'? 
' ' • V - - ^ ' 

6. Ar^ illustrations and /or photog Aphs appropriate for the 

^ developmental level of the student and for* the kinds 6*f pic- 
torial information conveyed*? / * 

7. ^re the design, format> artwork, and style of presentation . 

^ likely to be appealing to students of the age level and environ- 
ment for wliieh the materials a-re inte*nded? 
* * 

B. Instn^ctjonal Design Characteristics / 



1. What is the relationship between the s^at 
comes and the instructional mat^ rials. ^ ^ 



!d instructional out- 

2. Is the design of instructional strategics* ciTi4istent with what 



is known about learning? • ^ : ^ 

3. What attempts are made to share the object ive-s the program 
with the student^via the instrtictional rnate rials? J^l^J^ ^ 

4. Are the , instructional materials adeqi^te to ^f^^a^Kthe sfC^dent 
*• to attain the instructional objectives? 




5..^ Do the instrlictional materials -provide ^he 'studei?tw>th oppBr7 
tunity to practice the skills and behaviors Q£-the {Program's 
stated outcomes? ' / 

6. Is provision made in the Instructional materials {o pprbyid^ 

the student with adequate feedba.ck on his or her performance?. 
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Table A-\ (Continued) 



7. Are the media of the various instmictional materials ^Jipro- 
priate for the kinds of infqrmation they are intended to con- 
vey? For example, is auditory information presented aurally; 
have appropriate media b^een chosen ta present various kinds 
of visual information? , • 

8, Are instructions to the student within the instructional materi- 
als clear and ea>sily understood? 

Sequencing . ' ^ 

' 1# Is the'seq^ncing of the instruction cllar and based on some 
' readily definable theoretical modeP 

2. Is the sequencing of instruction appropriate for the kind of 
learning (e.g. , process, cognitive) the instructional mSltejji- 
als are designed to teach? ^ « 

3. Does the introduction to instruction begjn with an experience 
or concept that is likely to be a part of the student's experi-. 
ence? 

4. Does the introduction to instruction refer back to previous 
instruction in the sequence*? 

5. .Are there adequate directions for the stu^en^to follow in pro- 

ceeding from one part of . the instructional materials to another ' 
part? , • . 

6. What kind of pro^teion is made for assessing the students' ' 
performance during and at the end of the instructional sequence? 

7. Is there an aciequat^c^ummary in each of the instructional ma- 
terials and a hint to the student of what will come next in the 
instruction? 

Consistency, Accuracy, and Values ^ * 

1. Are the facts, information, and. interpretations o£ ideas in- 
cluded in_the instructional materials^orrect or in accordance 

^ with the best current thinking on the topic ?^>^ 

2. ^ Are the several components of the instructional materials free,^ 

from inconsistencies (e. g. , between directions for using^ manipu 
latives and the manipulative s themselves; betwe"en hieuiipulatives 
- and printed materials)? 

3. Is the ^'tone" of the instructional materials consistent with th^ 
goals of the program (e.g., Are ihstructional, materials de- 
signed to persuade the student to adopt a set of behaviors . 

/ regarding energy use free from a tone ^th at deprecates the 
student)? - , ^ 
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4. Are the Instructional materials freCfrom obvious or subtle 

s^exual. sQclaU or racial bias'' 

« * ' 

5. From what moral and/oy political perspective are values 
Presented In the Instructional materials'^ 

• 6. Is information related to values presente<3[ honestly and 
realistically rather than overstated In an attempt to'pex- 
suade the student of the "correctness" of a particular posi- 
tlon'^ . \ > 

7. Are tHe values expres'sed dir^tly or Indirectly in the instruc- 
tional materials Identified as such to the learner'? 

^ 8. Are materials >free from evidence of supporting the policies 
of any special interest group'? 

9. What affective outcomes are the instructional materials 
likely to produce in the student'* 

■ ^ A 

E. Printed Instructional Materials \ 

U the print medium appropriate for the behaviors being 

taught 

,2^ Is the readitig leyel appropriate for students in the target ' * 
populat^n with respect to vocabulary, organization of ideas, 
* and structure of sentences'? 

3. What provisions are made for students wHose reading level 

is below the grade level for which the materials are intended? 

4. Ar^e^he illustrations, taj^les, and/or photographs Instruc- 
tivLand appropriate to the text and labeled properly and 

^ * clestrly'?/0o they convey accurate information'? • 

5/ Is tfte layout of the printed page att^re^tive, easy to read, ^ 
and instructionally functional (e^g. , an illustration placed 
near fc^xt that refers to it)? ^ - . 



^ V^^. Are^/I^printed typefaces clear, easy to read, and large 
enough for the. students who will use the instructional 
materials^ ^ 

*. Non- Print Media 

1. Is the medium selected the most appropriate one for attain- 
ing the expected student be'haviors and for presenting the 
topic being taiigK^ 

2. Is the medium selected the least expensive one th^t can ade- 
quately present the topic or concept? • 



Table A-4 (ContihuedJ 



, 3, Is th^audiotape or recording of sufficiently good technical 
• ^ quality? . / ^ , 

4. Is the language level otJtih narration in the audiotape or 
recordiiig appropriate^^ the students in t^e target popula- 
tiorf? - ' ^ 

5. Are the voices used in the audiotape or recording generally 
\ pleasant and distinct? - ' * ^ 

6. Do the sound effects used in the audiotape ojr recording sup-' 

^ port and 'enhance the narration"? * 

7. If music is used in the audiotape or recording, is it properly 

"mixed" with the narration? • 

' ' ' . s 

8. Is the j)acing»of the audiotape or recording satisfactory for 
students in the target population' \* * 

9- Does the audiotape or recording continue to pfoduce sound 
of good quality after extensive use^^ 

10. Are the visuals of the film, filmstrip, filmloojJ, or video- 
tape technically well-*fl5ne? ^' 

11. Is the pacing of the film, filmstrip, filmloop, or videotape 
appropriate for students in the target population? 

12. Do the visuals used in the film, filmstrip, l^ilmloop, or video- 
^ tape relate well to the accompanying audio portion? . 

13. Do the visuals in the film, filmstrip, filmloop*, or videotape 
communicate the concept they ar^ depicting (e.g., art de- 
picting speed should convey the-notion of motion)? ' , 

G. Manipulativee 

1. Can most students in the^target population (successfully) use 
'the manipulative to'carry out the. program's specifie>d dpera- 

tions with if? « ^ ^ 

2. H§ve the manipulative materials been selected and/or de- 
signed in accordance with what resear^ch has 'shown to be 
appropriate for the prxanipulative ab^ilitiee of the^t^^rget popu- 
^ati^? . - " • ' . 

3. Does the design of the manipulative enhance the possibility 
^ its proper use? 

4. Is the manipulative ox^ apparatus designed so, that it is seIf-%^ 
Instructional? , ^ - 

^ 5,. Are the^senaitivity and accuracy of ^he apparatus adequate 
for the usea to^hlch It will be put? ^ - ^ 
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Table A-4 (Continued) " ' ' 

6. Does the manipxilative have potential for generaj use in the 
^ class room '^^ - ' r 

7. What is the life expectancy 'of tiie manipulative or appa^atiis . 
in normal use? » * ,/ ' 

/ ^ , 

8. Ate manipulatives sufticiently sturdy %o Resist damage when 
dropped'? 

^ 9. Are manipulatives made from non-toxic, ^Jame- resistant 
materials'? ^ * — * 

* 10.^ Are manipulatives free^rom potentially dangerous%sharp 

and pointed edges? ^ ^ 

11.^ Is the manipulative or apparatus thb^^least expensive one / 
' available "that will function adequately:? ^ , * 

_ 12. If the manipulative is designed especially f 03^ the program, 
ifil, theire an essentially equivalent one commercially availa- 
" ble that will function adequately'? 



f 
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Table A- 5 
The-Teache^ ^ 



Xhe Teacher and Energy Education ' ^ 



1. How familiar is the teacher with the subject matter content? 

2. How well can the teacher apply her or his knowledge of the 
particular concepts, principles, and theories included in the 
program to new or unfamiliar situations in evejryday life? 

' 3, What iB^the teacher's attitude toward energy education? 

4. What does the teacher believe about the value of energy 
education in contemporary culture? 

5. Does t ha teacher enjoy learning about energy education and 
keeping abreast of curre'nt developments in if? ' 

6. Is the teacher capable of providing the instruction necessary 
to teac4i the complex skills that are defined as outcomes fo.r 
the program^ ^ . 

7. ^ Does the teal:her*possess the necessary manual skills to ' 

assemble and use the equipment and apparatus of the pro- 
gram and to pexfprm the included laboratory procediiares 

8. Is the teacher able to conceptualize, arrange, and suicess- 
JuUy carry but the investigations and laboratory experimen- 
tal exercises .included in the program?^ 

9» , How good ig^the piatch between the teacher^s personal philoso 
phy of education and the philosophy, goals, and specifications 
for the classrbom environrfient? 

0. Is the teacher-j^reasonably well convinced that her or his stu- 
dents can perform well in the program and that th^y will 
like it? I 

1. Is there any psirt or component of the program with 'which 
the teacher disagrees or feels she or he does not understand 
we IL enough? I • * 

2. Does the teacher feel^ confident that she pr iie can ojrganize, 
arrange, and a^apt the furnishings, equipment, am other 
physicaf features of her or his classroom into a viable learn- 
ing environment for the program? 

* « I 

3. Are there adequate directions to the teacher for assembling, 
preparing, netting up, and using the manipulative -mate rials 
and equipment? . 
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Table A- 5 (Continued) . ^ 

M4. Is the teacher secure about her or his school's administrative sup- 
port for her or his use of the program^ 

ISf Does t?he teacher perceive that the teacher preparation program 
has been adequate for her or his needs in using the energy educa- 
tion program'^ » , 

16, Does th^ teacher think that the program's teacher instructional 
"materials giveVher or him a sufficient orientation to operate the 

program in the cJassroom'? ^ , 

17. Does the teacher think that the prog^ram stifies her or his own \pitia 
tive and creativity to an intolerable degree'? ^ 

Teacher Preparation for the Energy Education Program' 

K Are the^^ationale and organizaticm of the teac4ier preparation pro- 
gram consistent with the goals of the'energy educatpn program^' 

2, Are the teacher instructional materials and othe^ instructionafJ - 
means and techp*ques\sed''in the teacjier preparation program 
appropriate^r attaining the objectives of the teacher preparation 
prog'rarn^y ' ^ * 

3. Is sufficient instruction provided in the teachei*, preparation pro- 
gram for, the teachers to acquire conficfence in performing the 
management and grocedur-al tasks required by the energy educa- 
tion program'? , - , 

4*, Has the essential bac*kgroun^ knowledge that teachers need to 
op-erate successfully with the jirogram been identified and made 
known to the teachers'? ' * * , »t 

5. Are there adecjuate means and mechanisms included in the teacher 
preparation program for remediating any deficiencies between the 
teachexs'-assessed competencies and. the essential information 
needed to pperate su6cessfully with the program? 

6. fs the atmasphe>a. prevailing in the teacher preparation program 
con*g rue nt with the atmosphere of the classroom learning environ- 
ment espoused By the energy education program? * ^ 

7, Does the teacher preparation program offer the teachers sufficient 
opportuniti€»s to work with. all the various student materials o£>th€f 
energy education program? , 

8, How welVdoes the teacher preparation,program provide for the 

- evaluation of the teachers' learning about the energy education pro- 
gram during the course of the prcfparation program? " ' 

9* Is the teacher preparation program successful in conveying to the ' 
teachelrs the "spirit" of the energy education program? 
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10, Do the teachers aemonstrate a favorable attitude toward* the 

energy education program before and after the teacher prepa-j 
ration program? ^ j 

' , \ I 

Materials for Teachers , ' - , 

K Do the contents of the teacher materials give a fair and con- 
sistent representation of the* program's philosophy, goals, 
organization, and contenf? 

Are the media (print, non-print, manipulatives ) of th'e teacher 
. ^ materials appropriate for the objectives they ar^ntended to - 
achieve'' 

3. Is the "tone" o* thfi-tetichex materials consistent with the 
philosophy and goals of the program? 

4. Is there a clear artd rational organization in the teacher 
-materials^ 

5. Are there adequate directions for how to proceed from pne 
p'art of'the teacher materials to the next part^ 

6. Do the teacher materials include sufficient provisions for 
sharing the objectives of the instruction with the teacher 
using the materials^ \ 

* 7. Are the provisions made ir\ the teacher materials to give 

feedback to the teacher using them on her or his progress it 
4n attaining the objectives of the iifstruction^ 

8. What provisions are made for inaintaining the teacher's 
utilization of the teacher materials'^ 

. ' -^^ 

9. Is the fnformation contamed in the teacher materials correct'^ 

10. Are the illustrations, tables, and diagrams instructive and * 
correctly matched to the t'e^t in printed teacher materials'? 

IJ- Are the art woric, i)hotographs, and page designs of printed 
teacher materials \ttractive and appropriate^ 
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Table A-6 
Student Assessment 



A, Aidequacy of Provisions for Assessing Dresired Qutcornes 

|» Has a comprehensive list of desired student learning and behav- 
i ioral outcomes^been prepared 

2.* What provisions have been made for assessing students* out-of- 
school behaviors as well as their in-school learnings'? 

3: hs there good cof respondence between the program's specified out- 
comes and its student assessrnent procedures? 

I * ' ^ , 

4. Is a reasonable proportion of atl the desired learning and behav- 
ioral outcomes sampled by the assessment instruments and pro- 
cedures used in the program'? a *^ ' • ' 

5. Are the most valued learning and behavioral outcomes adequately * 
assessed'? 

•6. Do the assessment procedures rriake provision for testing relevant 
behaviors in all thr^ee domains (cognitive, affective, and psycha- 
motor)'? 

Is there an overemphasis on the assessment of lower l«vel behav- 
iors in 'the cognitive domain? 

8. Is there an overemphasis on \he assessment of expressed attitudes? 

9. Are students assessed on their ability to clarify their vakies and 
. set goals with respect to energy consumption? ^ • 

10*^ A»e students assessed on their ability to apply their in-school 
learning about energy to out-of -school actions that decrease 
energy cons^mptiorv^ 

B. Characteristics 6f the Assessment Procedures- « ■» 

1. Is the balance betw^^Ja-assessment of students and Self-assessment 
by the students aJeasohable bne*?"- ^ 

2. What is the evidence th^t the prog ram's developers are faitjiftar 
with stand^d procedures and curreijt practices in the area of edu- 
cational measureiiAent and 'evaluation? \ ' . r, 

3». la excessive use made of traditional procedures for student assess- 
* mentf * ^ . 

4» Are traditioncTl assessment procedures applied intelltgently ? 

" '5» Which innovative student assessment procedures are used? 



ERIC : 



\ * ' ^ Table A-6 (Continued) 

— ....^^^^ ft 

6. ^ Are the innovativ.e assessment procecJures used intelligently? 

7. Do the student assessment procedures directly pleasure behaviors 
described by the objectives or are indiro^t measures used? 

8. Where indirect measures are used to assess certain behaviors, 
ar6 the'measures valid? * . ' 

9. Is the ^Reliability of instruments used for student assessment satis - 
» factory'? 

10. Have the items included in assessment instruments bgen carefully 
and correctly ^constructed? • 

IK Are the ij?ems included in assessment instruments free of racial, 
cultural, and sex-role biases'? 

12. How Is the teacher involved in^ttie student assessment procedures 
/ ^ beyond the usual administration and scoring of paper and pencil 

tests '> 

13. How is it^ormation gained from student assessment procedures fed 
back into the instructional system^*? 

14. Is a sufficient variety of procedures used to assess students'? 
C- rlyhe Student and Assessment . ' 

1- Do the assessment procedures serve as a-positive learning experi- 
, ence^for the studenf^ 

2. Will the student find that engaging in the asses-smetib prbcedures is 
interesting^challengingv and satisfying"- * 4 * 

3. Is the amount of student timj devoted to assessn^nt procedures * 
es^^ssive"? 

' y ' ' * - ^ ' ^ ^ * ^ ^ - - ' * 

4. I^ sufficient tirne allotted in the assessment procedures to make an 
• adequate assessment of tbe'studenf? 

5. Da the students have the opportunity to learn to eng^e in and prac- 
^^'tice self-assessment '? , 
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•Table A- 7 
Implementation 



A. Packaging and Convenience (Implementation at the Classroom Level) 

c 

1 ' - ' . 

1. ' I§ the packaging of the prog ram* s instructional materials adequate * 

for efficient classroom use'^ 
-> « 
, Z, Is the labeling of packages of materials and the various components 
J ol the program clear and unambiguous ^. ,^ 

3, Are provisions made to facilitate returning item^^that have strayed 
. , to their plroper places? ^ , 

4, Are the program's instructional materials packaged and designed 
,ad^quately for Students to work with thetn on their own*? 

5, Are sufficient quantities of all items needecTto operate the program 
supplied'^ 

/ * ' f N ^ 

^^^^y^ 6, Is it easy to obtain those items needed to operate the program that 
.are not^supplied'^^ ' ' ^ 

7. Can the program's instructional materials be readily and efficiently 
stored? * ^ ' ' * 

8. Is it easy to organize the program's instructional materials so that 
they will be accessible to the students and teacher when needed? 

9. Is the teacher easily able to do the chores necessary to puf the pro- 
gram into operation and to maintain it? • - 

10. Can the materials of the prpgram be easily handled and moved from 

place to place? ^ . ^ ji, . ' ^ - 

♦ ^ 
^11. Are the manipulatives free of manufacturing defects *that can cause 

(Jifficulties' in their use? 

12, * Is it a relatively simple 'procedure to obtain replacements of materi- * 
als and expendable supplies? . « 

B. Cost Considerations (Implementation at the School Level) ^ * ' 

U What ts the purchase price^of all the compon^ents of the program 
that a^e needed to* install it initially? 



What amounts of consumable supplies and printed materials are 
necessary for the program's operation? J 




3. What is the purchase price of all program components needed to 

maintain the program f ron> year to year after it has been installed? 

- . • 60 



Table A,- 7 (Continued) 

llow does the^^nnual per pupiL-€^t for this program compare with 
the annual per pjipil cost^for others that atre available? 

To minimize the expense of duplication, cart Ihe program materials 
be readily transported for. sharing between-classrooms? ^ 

Will installation of the program requwre the construction of new 
facilities or modification of existing facilities^ * ^ 

What^are the personnel costs for wqjkshops and other sessions that 
are necessary to prepare teachersrto use the program*? ' ^ 

' WilULt be necessary to employ additional teachers tor Vther person- 
nel to put the program into operation? 

Does the' teacher preparat^jbn program for the program require 
unusual facilities or equipment^ 
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Table A-8 
Prograrft Evaluation * 



A.^ Evidence of Achievement of Program Goals ^ 

1. Does th^ student learn by engaging in the activities of the program? 

* 2. How well does the student learn/ what the programi^develbpers intended 
him Qr her to learn'^ C^^^ 

3. How lian the program be improved so that tj^e student will learn better? 

4. Does the student learn things from the program other than or more 
than what the developers intended he or she would learn 

5. Upon completion of his or her interaction with the program, does 
/the student demonstrate new behaviors ? ^ ' 

6. Upon .completion of his or her interaction with the prpgram, does 
the student de*monstTate the behaviors that the materials purport \ 
to teach? 

7. Does the student interact in the program in a way that is ctingruent 
withybehaviors described by the program? 



8. 



For any instructional unit, do students. demonstrate mastery on 
p^per and pencil tests after having studied the unit? 



9, Do students reach the level of competency in out-of- school energy- 
relatM behaviors that are aimed for in the program? ' 

10* To what extent do students attain the knowledge of facts, concepts, 
^ ^princiglea* and theories specified by the program? . ' ^ 

11. To what extent do students compr^ehend the program's subject matter? 

12. How well can students apply their knowledge 6f concepts, principles, 
, and theories taught in the program to new or tinfamiliar situations 

related to the energy dilemma? ^ y 

. ' - ^* 

13^" How well can students apply their knowledge of concepts, principles, 
and theories taught in the program to situationj^in their daily lives? 

14» How welt do students integrate ar synthesize specific content taught 
.in the prpgram with other knowledge they already possess? 

15, Do students generate new ideas, of their own based on their knowledge 
of particular concepts, principles, or theories taught^ in the program? 

16, Do students, apply rational de^cision-making procedures to energy- 
related problems? 

*17. How frequently do the students voluntarily participate in activities 
related to the energy dilemma? 
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Table A^S (Continued) 

.18. Do the students develop the necessai^ manual skills to use th^ 
equipment specified by the program? ^ 

Evidence of Appropriateness of the Program 

for the Target Population . • . 

1. For any instructional unit, do pretest data show that most students 
in the target population are not alread^'in i5ossession of behaviors 
the unit' ^Yill teach? ' ^ 

2- For any instrucHonal unit, are the expected student behaviors gen- 
erally too simple or too difficult for the students in the target popu- 
lation? , * . 

3. ^Does the student enjoy his or her interactions with the instructional 

materials? ' 

4. Does the student dislike%tuaying any of the instructional mate'rials? 

5. Do students show preferences for'any particular type of learning 
procedure o^ instructional fneBium'^ 

6» Docs the student fqel that what she or he Is lea^rning is worthwhile 
and/or relevant*? " * 



7. 

a. 



Does the student feel Jhat what is'presented is incongruent with his 
or her belief s of Values in any way? 

Is there any iesson, activity, or procedure in the program tjiat 
causes the student to act in a manner that can be interpreted as an' 
indication that he or she is confused, anxious, troubled, or upset? 

9- - Does the student perceive that he or she^s and/or can be successful 
within the context of the program'? • 

10. Does'the student feel that (sjhe has the necessary capabilities to 
carry out the learning tasks (s)he is being asked^to do? 



11. 



How does the student • react to unpredictable situations that may 
in the classroom? ' 



12. ^ Does the student welcome and/or look forward with pleasure to the 

time when (s)he has the program'? 

13, Does the student act in a manner that can .be^ interpreted as indicate 
ing that (a)he is comfprtable in the program? How frequently does 
he or she smile^ llow frequently does (s )he excitedly share new 
discoveries and idea^with others? 

C-^ Adequacy of Program Evaluation Evidence 

U To what extent does the program evaluation* provide evidence regar^ 
ing the considerations delineated in sections A and B of this table? 
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Table, A-8 (Continued) " * 

2. To what extent does the program evaluation provide .evidence ;:e- 
* garding considerations about the progrim's content (see questions 
in Table A-fl), instructional strategies (Tajsles A-3 and A-4), pro- 
visions for/ the teacher (Table A-5), provisions for student assess- 
ment (Table A'6). and implementation (Table A-.X)'? 

3^. Does thfe program evaluation consider how we.ll the assumptions 

of the progxsam match the beliefs of various types of communities'' 

4. Does the -jftogi^m evaluation consider. whi^h of thfe Iprog ram's goals, 
if any. ^re inpong ruentVith the social/ economic, or political views 
of significant g^roups of people ^ 

T ' \ ^ ' ' ' ~ * 

5. How much and what kind's of evidejice does the program evaluation^ ' 
prol'ide about the , Achievement of each of the. prog*ram's goals'? 

6. Is the evidence presented in the evaluation report based on a forma- 
tive or a summative evaluation of the prog ram 

1, Is the design of the evaluation study^desc^i^ed completely? 

8. What are'the strengths and \^eaknesses of me sampling proce^dures? 

9- How*generalizable are the findings of the evaluation'? ) 

^10. Were the statistical analysis procedures carefully and correctly 

carried ouf? * ' \ > 

11. Are data reported as percentages or proportio|is to masic the fact 
^ that actual numerical sizes of samples were quite small'? 

12. Are elaborate graphs or extensive tables of data used to display ^ 
trivial or not highly pertinent inf ormatibn'? . . ' 

13. JLf a revised version of the program exists, we«c the data present^JsJ^ 
in the evaluation repoTt collected on a prejoious or thfe revised ver- 
sion of the program'? 



/ 
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Table tA-9 



Developers' Qualifications 



Characteristics of the Major DeveloV^ers < 

1. Is there evidence that the major de'^lopers,haVe sufficient kn<fwl- ^ 
edge of the academi^ disciplines relevant to the prog ram* s content, 
^instructional methodologies, and characteristics of the learner 
population to develop a program of quality*^ 

*2. Do the major developers have a broad range of knowledge and experi- 
ence to bring to Jl^e development effbrf? ^ ^ 

3. What are the previous experiences of the major developers that pro- 
vide a basis for y^eir success in an^energy education program de-* ^ 
velopment efforf^ y - 

4. Is there evidence that the major developers are highly regarded by 

their peers • « . 

^ * - 

5^ Are major developers committed to a pertain philosophy of education? 

A certalji psychological theory"? If so, which one? • ^ 

/ ^ . . ^ 

6. Is there evid]|bnce'(e. g. previous writings in the field, educational 

background) 'that the major developers have had a long-tdrm commit- 

^m^t to energy education'? 

* * * • . 

Characteristics of the Development Team' * 

t 

1. Does the development te^m include persons with adequate knowledge 

of the cpnte'nf from all the relevant academic, disciplines ^ 
»^ ^ • 

2. Does the development team include persons who are well acquainted * 
with goal- setting strategies and vafdes clarification techniques'? . 

* J* 

3. Does^the development ^eam i^lude persons with expertise in instruc- 
tional design'? ^ ^ . * ^ 

4. Does the development team include persons ^^h extensive eTicperi- 
ences in the achools'? ^ '* 



S. Does tfWrrevelopjmeht team i;iclude persons who are welUacquainted 
= with tbe^ complexities of implementing a new educational program? 
< * ^ - >^ ' ^ 

Doe* thei development tpam include persons with extensive experi- 
ence in designing student a^sessment»procedures'? 

• 7. ^ Does the development team include persons with expertise in the 
• design of instructional. m?dia and materials? ' 
• • * *" ,/ " * , • 

^..B^ Does' the development tBAminclude persons with knowledge of prp- 
j cedures in publishing?* 
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Tafble A- J (Continued) 



9. Does the development team include persons with experience in the ^ 
formative evaluation of a program under development? 

10. Does the development team include persons who are kn owl e*dge able 

about the techniques and procedures of program evaluation research'? 

Resources Available to the Develop^ s 

1. Is the development team associated with an established academic 
or research institution'? 

2. Is the development team associated with an organization having ad|^e- 
quate, prior experience in educational program development*? 

Are consulstants representing a variety of academic and- professional 
* fields available to the developers'? 

4! Do the developers have easy access -to children 6f the same age and*^ 
learner characteristics as the program's target population? 

5. Do the developers have easy access to schools representative of 
those for which the program is designed*? * * 

6. What library facilities are available to the developers? , 

?• What production facilities (art, photography, printing, woodworking) * 
^ Are available to the developers? 

8. Are there sufficient financial r«;sources available to the team to com- 
plete tlie development of the proposed program? 

9. Will program development be a full-time activity for the developers ^ 

Have the developers^sufficient time to complete the program as it is 
specified*? ^ 
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netMHM at ony tim«. 



_P«tf: 



O AAinEx 1 Can light Bntrgy Chongt Things^ 

□ AAinEx 2 Is Sound a Kind of Kinetic Energy? 

a ^nEx 3 How Con You Make a Systtm To Convtrt 

Heot Entrgy Into Kinttic Energy? 
O-MinEx 4 How Con You Make a System To Convert 

' Stored Gravitational Energy to Kinetic Energy? 
D MinEj^^'How^Can You Make o System To Convert 
Electricoi Energy to Magnetic Energy? 
D MinEx 6. How Can You Make o System To Convert 

» Stored Chemical Energy to Electrical Energy? 

□ SA 1 Batteries 

□ SA 2 Elostic £nerg^ 

□ SA 3 Can You Show«That Enei^y Hos Mass or 

Oi:cupies S^oce'' ? 

□ SA 4 Community Electricity 

□ SA 8 Elastic Energy Machine 

□ SA 9 Energy Conversions - ^ 
'O SA' 12 Observing Sound 

□ 5A 13 Pope/ Cup Telephone 

□ SA 14 Rodiom^ter 

fa RIS 1 A Ciiemicol System 

□ RIS 2 Firefl.es 

□ RIS 3 Grov^ty ^ ^ \ " 



Work 



Fuel' 



□ SA 6 Gravitationol Energy 



D SA 5 Fuels 



Heat Energy 



□ MinEx 7 How Can You Make a System Jo Convert 
Electrical Energy to Heat Er«rgy? 

d MinEx 8 How Con You Meosure Heot Energy? v 

□ SA 10 What Happens When Vou Add the ^Same Amount of ' 
Heat Energy to Equal Mosses of Salt ond Water? . 

□ SA 1 1 How Is Heat Energy Measured' ^ 

□ SA 15 Energy Game 

□ SA 16 Energy Solitaire 

□ RIS 6 Calories ^ . 



The Sun 

♦ / 



□ SA 7 Solar Energy 

□ RIS 4 Nuclear Energy * ' 

□ RIS 5 How Does the Sun Get Its Energy' 

□ RIS 7 Conservo'tion of Energy , 



♦"How To,, ."booklets 



you can find out more obbut doing science activities by reoding^'How 
To " booklets, Some of the booklets ore. How To . 

^ 4 ' 

Answer Questions and (3heck Your 



Do SA's 
Do RIS's 

DoMinEx's * 
Do SIlA's 

bse an Aftemqtive 
* Pathway Unit 



Answers 

t> * * 

Us« Your Science Notebook 

Treot Bums 

Use Ol^s Safely 

Use Chemicals Sofe)y 



Figure B-l (Conimuc'd) 



Level E Joule Lesson 5 ^ 

Energy-Converting Systems 



You will need a kit, an answer sheet, and a pencil. 
From Central Supply, you will also need two batter- 
ies, two rubberband battery holders, and four wires 
with alligator clips. ' c ^ 



There are many differe/it forms of energy. You 
*have-learned about hea^ energy, light energy, kinetic 
energy, sound energy, electrical energy, and chemical 
energy. Energy can be £^^ged •frtJhi one of these 
forms to another.' ' ' \ > 

Chemical .energy can be changed, into other forms 
of energy.^ Chemical energy can be changed into 
kinetic efiergy^ 'Sound energy, light energy, heat 
energy, or electrical energy. ^ , / 




A boy is a system that changes or converts chemical 
energy from the -food he «ats and ^the oxygen iTe^ 
breathes into heat energy, sound energy, and kinetic 
energy. , ' - 



, "Fij^re B-2 Illustration of a didactic ihstructional strategy "Joule Lesson 5, Energy Converting Systems, 
pp. I -6 (from Champagne & Kloprfer. 1974a). ; 
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A horse is a system that converts chemical energj^ 
frofxi the hay it eats and the oxyj^en it breathes into 
heat, sound, ajid kinetic energy. \ 

A car IS a sys^tem that converts -chemical energy 
from the T^solihe arid the ox^'geq it uses, into^heat, 
sound, and kinetic energy. * - - 

ThewT are ml^y different kifi"ds of systems'* which 
convert one form of energy into another. Any form 
of energy can be changed into' any others form of 
energy with the - right energy -converting system. 



\ 

h 
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Batteries, buzzers, and light* bulbs are energy- 
converting systems. 




Take the materials out of the kit 

Now look at the picture at the right 

Use the wiresvto connect the batter- 
ies to the light bulb and to the buzzer. 
When air of the connections are 
made correctly, the light bulb will 
go on and the buzzer will buzz. 




A battery ift-an» energy-converting system that v 
changes chemical energy into electrical energy. 

A'^light bulb convf rts electrical energy into two other 
forms of energy. These forms of energy are light 
' and heat energy. 

A tuzzer convert* electrical energy into sound energy 
and a little heat energy. ' €^ - 



Figure B-2 (Continued) 



4 ^ 

ERLC 



74 



72 




Plants are important energy -.converting systems. • 
' Plants use light energy from the sun to cbnvert car 
^ 'bon dioxide from the air and Water from the ground 

into *oxygen and food (apples, com, and* grass, for % 

/example)' The oxygen and food, produced by plants 
are a system that has chemical energy stored in it , 







Figure B'2 (Contmutd) , . ' 
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; Animals are energy-converting systems too. Ani- 
mals convert ciiemical ehergy from^ the food they,, 
eat and the oxygen *l^ey breathe into heat energy' 
that keepa thd^r bodies warm and into kinetic energy 
for moving abbi^ut and doing things. They also 

» convert chemical enei^ into sound energy Jwhen 
they make noises, ' ^ 

* ♦ 



^ Figure B.2 fContinaed) 





1. When logs burn .in a 'fireplace, what two chemical 
substances interact to release energy? 

»> 

2. What form of energy is stored in a wood-oxygen 
systein? 

3. When the chemical substances in a wood-oxygen 
system interact, chemical -energy 'is converted 
into other forms of energy. What are they? 

^ Write your answers to all the numbered'*questions on 
your answer sheet. 



Figure B-2 (Cpnhnucd) 






Jin0P^^ • Level E 


8GI 
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Joule MinEx 3 



HoH^ Can Voujiake a System 
To Convert 
Heat Energy into Kinetic Energy} 




idlings ^ou will need ^ • ^ . 

for this MinEx: ^ 

kit . ^ " pencil ^ 

* science notebook ^ 

/"rem Central Supply: 
- ' scissors 50 ml plastic beaker* 

* small pie|:|an paper towel ^ 

from Teacher's Supply: * ^ 

^ hotplate \ . . ^ 

' \ ■ 

NOTE: if you have a different plan for answering the ques* 

tion/talk about your plan with youij'teachec. ^ . 

- Figure B>3 Illustration of a type of ptoblem -solving strategy "Joule Mintx 3, How Can You Makfe a 
System to Qonvcrt Heat Energy into4Cinetic Energy?'*, pp 14 (frbnt Giampagne & Klopfe 
^ 1974a). 
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This is what Amy did. 



Fnrst Amy got a small piepan. She cut 
around the bottom of the pan with a pair 
of scissors. In this way she cut out a 
circle of alunriinum. 



4^ , 





* Amy madi*^16 equally spaced cUts la.the' 
aluminum circle. She was careful riot to 
cut all the way to the middle. - 

A*my twisied t^ach of the H^blades a half 
turn in the same direction. 




Th'en Amy pushed a map pin through 
the center of the aluminum wheel. She 
then pushed" the pin inta a lon^; stick. 
. so the blades of the wheel pointed out. 

Then she set thej^tick and aluminum 
circle aside whl^Jeshe prepared the rerft of 
• her system 
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Amy got a can with an opening in the 
top and ^ small hole in its side. She 
poured abwt 50 ml of water into the can. 



Then she put a stopper in the top of tht 
can to seal it. 





Amy set the can on the . hotplate and 
turned on the hotplate. She set the hot- 
plate dial at 4. When she heard the 
ljubbling of the water, Amy was very 
careful tajkeep her hands and body away 
from botfi holes in the can because she 
knew that steam is very? very hot. Amy 
picked up her stick. She held the stick 
so that the aluminunri wheel was in front 
of the small hole in the can and a little 
above it. When she had done all this, she 
knew her system Was converting heat 
energy into kinetic energy. 






Ir- When she had finished, she turned, o: 
an^ unplugged the hotplate^ and th^i 
a^ked her teacJi^ to ebipty the can ( 
hot water. * 
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Ctn you thltik of Mother system to convert heat energy 
into kinetic energy? * 



li you try Amy's system, make sure that 
you are as careful as Amy wag when 
working with steam. Remember to ask 
your teacher to empty the can of hot 
water when you are ready to cl^n up. 
You can keep your aluminum wheel. 

What kind pf energy conversion takes 
place in the can-and whe6l system? 



Some Things To Write About 

1. What form of energy does the alumi 
num wheel have when it is turning? 
How do you know? 

2. What form of energy is added to the 
water in the can-and-wheel system?. 
Where does this energy come from? 

3. What kind of energy conversion takes 
place in the hotplate? 



J Some Things To think About * 

1., Does the steam^cqming out of the hole 
in the«can have energy? How do you 
know? ' * 

^ 2. Why are there two holes in the can? 
Why do you put a stopper, in the large 

'hole? ' 



Suggestions for Other Investigations . 

1. Set up your system again. Hold the-^ 
aluminum wheel so that the^ stea^ 
hits the wheel in different ways. How - 
should you *hc^d (he wheel so that it 
turns the fastest? When do^s it have 

* the most kinetic energy? » - 

2. ^Hke wheels with bla'des that have 
^different^shapes and test them^with 

your system. With what shape of blade 
doea-ihe wheel turn fastest? 
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Figure B-3 (Continiied) 



81^ 



^9. 



Level E Joule Lessofi 12 



A Seminar on Energy 



You will ne^ your science notebook and a pencil. 



What is a seminar? What happens at a seminar? 
This lesson will help" you finderstand what a 
seminar is. 

A seminar is a meeting of a group of people to 
report, to discuss, and to exchange .ideas on a 
central topic. In a science seminar, scientists meet, 
to talk about a sdentjfic id^a , or Ijuesti&xL^ that 
interests all of them. Each scientist brings informa- ' 
tion to- the seniinar to share with the other scientists. 
Each scientist hopes to learn about some new ideas 
by taking part in the seminar. By sharing the infor- . 
niation each scientist has found through his oT her 
^work. they hope, to gain a better underst^inding of ^ 
the question. ' -/ * 



You ^ could cohipari the way scientists wor^ to- , 
geChjfr in a seminar to a group- of people, planning 

' a party. The party pUnners are ijt^terested iii this 
question: What can we do so our friends will enjoy 
theipselves at our party? The planners m^t and 
combine their talents" to work out an answer to 
' the question. One person ni^kes cupcakes and , y 
another makes ' punch. ^ A thi|if^||per8on decorates 
the party room -and a fourth brings a record 
collection. wcfrking ^s a grdup, the ^planners ^ 

/ s61ve tffe^ profeem of ^throwing a good jparty more 
easily t^an if one persqn planned the party alqj^e^ 



Figure B4 



Illustration of a type of simulation instructional strategy "JpUle Lesson 12. A Seminar on 
Energy." pp. 1.6. 8. 9.1 l,(from Champagne AKlopfer. 1974a). ■ ' -i 
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Introduction to the Seminar 

' The- Level E seminar is a lot like an actual seminar 
QcientistQ boia. Joule, Beaumont/ and Voit are 

meeting'^'^to talk about this duestion: tiow is' the 

^ food an animal eats related^^ to th^ quantity of 
- energy the animal uses? 

Bach man has done different work that is rejated 
to-* the seminar question. Joule studied energy. He 
found that energy is not lost or gained wh6n it is 
converted from one form to another. Voit studied' 
one p»tici^(lar energy-converting system, . the 
human body. He tried to find a relationship be- 
tween the chemical energy stored in the food an 
, animal eats and in' the; oxygen it breathes and , 
the amount of heat energy an animal's body 
^ releases^ Beaumont loo>k^inside a human being's . 
stomach fihd obl^erved the ''way food is digested. 

While ^e three scientists* the Level El seminar 
share what they know about the seminar ques- 
tion, they ' gradually Jearn more abiJuT the . rela- 
^ti^j^ship betw/^^e foo^an animahj^ts and the 
energy it u§es. Joule's ">^rk conier^n^tfte con- 
servation of" energy is helpful to V^ik Since^ 
Joule 'showed that (energy is neither lost nor^ 
gained as it is comjerted from one fimn 'to another, 
Voit can say that the amount hi chemical energy 
stored in the food an aniipal eats and in the 
oxygen it^breathes is the ^ame as the apount 
of heat^e^igy its body wfvfes off-^Sofne* chemical 
energy is .converted into Icirietic energy iW the^ 
animaiy.body. This kinetic enisrgy is later^converted 
td heat energy. Even though the chemical energy 
Jtl the food and oxygen is conv^ed in the an^al's 
body, into .other forms of^nefgy (heat and' kinetic), 
the amount of energy remains the same/ \ 

\ * * 

Figure B4 (Continued) 
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The Seminar' . , 

^ThSs ^min6r will be an informal ga|hering of three scientists 
^ meeting to discuss a specific topic. -5rf>ce it is Informal, tfiere 
wili no discussion leader to direct the ordei* of Comments 
from fhfe scientists. * ^ , . jii ' , > 



I'lace. ^ St. Louis, Missouri . .-^ 

Settmg: Parlor in the home of the wpalthy Doctor WHIiam 
' Beaumont ' . 

r Time:' 1850. \ \ * ' 

William Beaumopt would have been a deaf old man of 65 
years when Jahr^es Jo^He was 32 years old and had published 
papers on the ^omervation ^of energy, and wh^en^ Carl Voit 
was only 19 y^ars old^and'had yet to do^his. studies of 
nutrition. But, Ipt's imaginp that all three scjentists are of 
sin^ilar ages^nd have acKie>Jted, success in their fields ol 
studiy. , ' p \ * 
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•The serhinar begins with the scientisTs sitting comfortably aW 
talking earnestly.^ ' , , * \ ^ -j-^^-^-r^ 

Voit (V): The topic foT^ur seminar today .is^^the relationship betweerr' 
- ,Y tile food dn animal eqts of^d the animal's need'ifor enfer^yrr^ 

Joula (J): TheC work ^'f many scier}tists has 'contributed to our under-J 
standing of how chemical eneVgy stored in fojSd ^nd oxyge^ 
s ^ J -is converted by the body inta. heat-energy and kinetic ener;^y. 

^* f ' 

Ffgufc 
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Beaumont (B): But my work on digestion wos most Importofi. fshowed how 
the body digests the food. 

^ Jr (Joi/ie says wilh respect.; "Yes, Dr. Bepumont, but surely you 
>must ogree thot Dr. Voit's studies, with the humon folorimeler 

> ' are importont, too. . • - . • ■ 

* « 

I ' • • - 

V: And your ideo of energy conservotion, Mr. Joule.^^Without 

thot, fhe colorimeter studies ore meonmgl^ss 

' / * ^ % > 

• ' 4 ' 

B' Colorimeter? I .om fomilior with lovoisier's stucfies using o 
colorimeter. but I kn^bw nothing of your5. 
* . 

- 1 ^' ^oy I describe o humo'n colorimeter to you'? 

■ M ^ ' . 

. B: Yes, pleose dc^: - » . * . 

V: ♦TKis colorimeter is much lil^e lovoisierJs. But with it we ore 
. • • * °ble to moke much more exoct meosuVements thon Lovoisier. ' 

ye^, occurotfe meosurements. Accc^rocy, thot's the secret. 

^ V: Here, gentlemen, is o picture of o huiVion colorimeter. 4, 



wafer 
comes 



, thermometer 
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•As yov can see) it is large enough for o persop to sit in. (Voii 

'points fo fh€ person in fhe p/cfure.') The person gives otf'heot. 

/(He poinis fo arrows and, fhe wqrdc'heof/') * 

' y ' . * 

There ore- two thermometers In the calorimeter. One is on the 

right. (f)e po'mfs.) and one is on tFie left (Ae pomfs/. The 

thermometer on the nght meostires the* temperature of the 

woter g^g into the calorimeter. The thermometer on the left 

meosures the woter's temperature.as the water leaves. 

« • 

And the temperoture of the woter thot leoves is higher thon the 

temperoture of the woter thot enters>The heot from the person 

roises the temperoture of water os it posses through the room? 
^ ^, . ^ 

Ves The calorimeter is rhode so thot rt^one of -the heat*e}copes^ 
through the Wolls. So, you see, my cojorimeter is dn energy- 
tight system \ ^ / " , 

1 ^ * - ' 

• ^ f . ^ - 

What is ^o stortlmg obout'oll this? Everyone knows a person 

gives off heot.; ^ ^ ' . - \ 

With this calorimeter, Dr. Beaumont, we ,con megsl/re how 
much heat'^lnergy is given pff when the person *eots different, 
foods. * » - ' ' 

Nbv/, -thot interests me. After. xjII', I am the expert on how. 
fcxod is digested in the stomocfi ^Sta^you are saying that os 
food is digested, heat energy is rhade by the body. 

I don't think Dr. Voit, meons thot at all. Dr. Beaumont.' Heat 
energy.!^ not moder by the* body. The fiuman body converts 
Chemicol energy stored in food and oxygen into heat energy. 
Energy is conserved; it can't be maae oi* destroyed. Energy 
con only-be converted f«om one form_to another.' 



FHeo^e explain what 



you mean, Mr* Joule. I really don't see 
how^all this folk about energy fits in with my brilliant studies 
of cfigestion. 

You .ma^ think of tHe*'human body as pn energy*cdnverting 
sysrem,. The fopd we eat is changed by the body. 

. , ' 'Figure B4 (Continued^ ' 
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That/ Mr. Joul^ I alone, hove observed with my own e^es. 



V: Yes, bur*,ps I hove^emo'nstroted, when the body chonges 
• the food'we eot, e-fieTgy is releosed. 



? J: You se6, fopds^ ore giade up of differenl^klnd^ of chert^icol 
subs^onces. Chemicol systems hove stored energy. This^ sin>ply 
* ^ • meops thot when chemicol substonces Interoit, the energy 
stored In them will be releosed. - 



' B<^/jVhat are these cJ^^ical interoctioris you speok of? ^ 

\ J: The chemicol substonces in foods interoct with jhe- oxygen o' 
. person br^thes in. Oxygen is o chemicol substonce too, of ' 
course.' 

' ^- S^^^^ ° diogrom to shov^ whot hoppens. Dr. Beoumbnt. 




FoQd'Oxygen , 

Imogine the personjn the colorimeter hos .eoten some food. , 

The chemicol substonces from this food (Vbi/- pomfs fo fo^d) 
Jntero'ct with the pxygen CVoif poinfs to oxygen). This is* the 

•foQj^cxygen systerp- (he poinfs to the for^e circle), k the, 
r. bpdy., the food-oxygen system releoses its^ stored energy. Heot 

energy is given off (he points io H^ai Ehergy), * ^ 



The mbin point is this. Dr. Beoumonl. The omount- of energy y 
stored in ^th^ food-oxygen system is the sorrre as^the;ompunt 
of heot^nergy releosed. The body/conhot moke energy. The 
body chonges chemicol energy into heot ene/gy. 

\ " . . • ' * 

(tieoomonf soys io Vo/f.j Then the"on1y energy thot g'ets into' 

.the colorimeter is stored in tVie food-oxyge|^ system. The only 
ertergy that comes out is hipot energy. You meosure th^ hfeot 

.enecgy^thot conies out. . * / ■ * • , 



ERiC". 



,V: Yes. Mr. Joule hos explained that the energy going^-into/o 
system equals the energy coming%out from the system. I 



; Figure B-4 (ContimicdJ 
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Joif/t Unit Scienct Contenf O^rvitw ' 

In seeking 'fo describe the .noture of the untvert*^ 
scientists found it useful to conceive ^of two 

bosic components, motter ond energy Thot much ts 
eosy enougKto $oy. but to fuHy ond precisely define 
"rtr»otter" hr '^ne^gy" turns ouf to kje for .f'rom eosy 
yfioth of these concebts """" Jjfal'" o"d elusiVp lr> this 
d«,scus$ion fhe focuses on tUPftnce^jf pfv^ne-gyr the 
$ub|ect mottep of the Joule un* As yoo v»«M see neor 
the'end, however, o full discussion of ^nergy c-onnot 
ovoid th^ confiept/of motter, since'tha/e is or^ exoct^ 
« q^fiontitotive relotionsh»p between" en^gy ono moss,* 
expressed n on equotion thot relotes ♦ne t*^o oosic 
conrjpone^ts of fhe universe » 

Energy ^ 

^fn th^ Jopi^ onjt. yoor students ere *• trpduceo to the 
cbncept oi energy by noting tHe conges thor occur* 
.n a. system when eoergy i>*obdeo 'o tne sy^te+Ti or 
w>>er a system converts one 'fcTi ^re'gy 'o on 
other fornr> ot en^gy ' ' ' ' , tr ' * 

Certo»n form^ of energy con oDser^eo tn o 
systerrt^when the energy rs tr^o^st'erred froa\ one 
ob|ect to onother A ropidty moving nommer trons* 
fers iti>ener^ of motion It net c energyj ^o«the nol 
it strikes The hommer stopi^ movmg when it h»ts 
the noil, ond the noiM^oves .nto wxjoc^ Light 
energy striking q gipss of icfiid lemonode is converted 
or chonged to neot ^nergy The ice m >he lejionode 
melts ond, evenfuollyj^the ternperotur#/of the^emon- 
ode increoses Kinetic sound etectncol heot oQd 
' "N40ht e^rgy xork oU be observed, to eff€y chonges* 
» or^TtTiy ore tronsferred from o^^e ghystcol obfect 
to onothe^ 

Other phyu^^^yj^stems hove stored energy by virtue 
«of H^e»r poj^tibn stote of stress, 'or chem.col compo" 
iition The foct thot energy is stored . pi;i these 
System^ becomes obvious when energy is converted^ 
to onother„1orm end is tronsferred to onother 
• phywicpl obiect , * ' . 
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Gfovitattonol energy is »tor«d irHsn object when the 
obiectjs lifted upword «To move the ob|ect/o forc« 
»must be exerted through o distonce. Work is doni 
on the obfect to 'store grovitotionol energy in th< 

^ object' ^ • ' *' , 
Elostic energy is stored m on object when thot obifC 
IS stretched, or compressed To stretch or compres: 
the object o *^rce rnust be exerted through a dis 

' toncjs Work IS, done on the object ond" elostic energy 
IS, stored m the object / ♦ 

ChenrticGl energy is the energy stored in two chemi 
Qol subston<ies An ^exomple ' of two chemicol sub 
stonces ^-/.rh \hem. col ^energy i^ 4»)^dr6gen ond 
•qxygen Whfen eiectncol energy is posse*d through 
liqu(ti ^oter^ hyarogen gos ond oxygen gos ore 
formed; v^^ner^y, IS stored m thev? tvvo goses os they 
ore formed, loter, they con tnte>oct ihydrogen will 
burn OS o fjel With oxygen, to rtfleose heot^^ght. 
ond souna energy A s*ngle s^jbstonce does not 
contain :Hem*co' energy^ Hydr\pg^en by^itself *doe$ 
not Vove tnemicol energy, ,t does not interoct with 
Itself to releo^se.eriergy When twp chem»col sub- 
i»0"5gkf.J^*e''0Ct, their" stored chemitol energy is 

\^ Energ;^ on«J Work , 

To store energiy m ony obiect or»system\ energy must 
be odde'd to the v^tem To oc^l ^nergy to q system, 
w^rk must^e done on the system ^ * . 

In tlie Jpule unit, the concept of work iS tought 
vbniy* in the conte\f of gro^itationol energy ohd 
elostic energy in this context, "Work is done vy*hen 
o force IS exerted on on object, ond the ob|ecr,moves 
m the directio^j|f tl^e force » , * 

^ Hay^eY^et.fou should, be owore ihot/whenever 
^nergj^ is odded to o systerrt. xork is done on the 
system For exomple. »n the o'^dition ,of el^^tnto! 
®r®,''9y *o ^'^cr to form hydrogcQ gos tjnd oxygen 
gos, work IS done Whenever energy is transferred 
from one ob'ject to onother. work is done \ ^* * 
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Meosur^ment of Energy ' " 

OiHerent measuring ynjtV dre us^d fo expre^s^quon- 
tities of different forms o1 energy in the Joule unit 
the student ts ir^troduced *oo^y to fhe rneosurement 
of Wot energy in»kilocol6fies . Equol masses of dif- 
ferent substonces do ro' c^onge their temperoture 
_eqoolly when the some quoTitiry of heot 'energy u 
ad^d to them For e**ofnple when eqooi qliontitiei 
of heat ore added 'to e9uat masses of water and 
alcohoK the tenspe^atore^f the alcohol changei more 
than the temperofure' of the water ^'^T^ kilacaione, 
'O meosore of heat Energy* is de^fmeo usmg wt)te* as 
o standard ' To locrease the temperalyrer af ^ 1 kilo- 
grom of wat^r by 1 "C r^qotr^s I kilocaiqneof heat 
energy Ta fmd'the number of kilocalories fkcal) of 



^While heat energy is measured in kilocalants,* 
•W?er farms af energy are measured uu/rg^diffefent 
measuring units Th« mathemotiyij^«#^ationships 
between the various energy- njfeOTurmg units ore 
.known, however, and there or^ colculotions thot 
equate different forms of energy^thot con be mode 
A*measurir>g umt for kmetic e^nergy is the /ou/e. 
named t© honor the scientist Jdmes Pres<:ott Joule 
One kJocolone iheot energyj isquois 4185 jOules 
ikmetic erter^yl Using this relationship, o.compow- 
son coA.be mode between the kinetic energy jof o 
foiling oDject an<^ the chemical energy stored 
sugpr Since 4165 joules = 1 kilo^olone. o 334.800- 
kilogram sphere falli€g[ with o velocity 1 meter 
per* second has tKe some^energy o$ <s stored m o 
tablespoon of sugar (40 k»locolbries) ond the oxygen 
needed to burn it 
, ) kcol = 4l85"|Oules^ . ^ 



, , ■ 0 ^ [Oule = kgm^ sec^ # ^ • * 

f^ot odded to ony?ma<s o^* ^oter or«r nvust -nultipty ' ». « ' >. 

the mow of the Voter m k.logroms Ag) by .th^- «iffetic ervergy - 1 2 -^mossj (veLocity/- ^ 
chon^ .n tempero|ufe i<v.tC,and by the specific heot <'"e*;5 «"fr:gy = 1 2.(334,800 kg) (1 m. sec)^ 
qf woter ,the heqt jjecessory to increase the terr^peror^ " 



ture bf I kg of woter by I i e . I kcal> * 

' i ' ^ , • ■ 

heot enec'gy = moss* of x chC'^^ m >^,spe^<^lC heot 
, woter in terrp'eroture ot water ^ 



kinetjc ^ergy = 167,400 kg x (1 m^ sec-) 
mnetic energy = 1^7.400 kgm , sec* or 1 67.400 foorM 
^ ~ * . er 40 kilocolories 
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iFCOf ;kg 



X y kcoi 



1 kg "C 



^ , Meosuremenis of^energy os t#is converted from 
one form* to onother hove .^onvinc^^ scientists thot 
energy \\ oJwoys conserved Thes^ m et^f exigents— 
never ihow exoctl^ equol ^uontit^es^f eo^rgy before 
arid after the co'nvversion. but the difference is' so 
small thot tlie coiner votid«r*^f er^?gy ij the best ' 
explanation scientist^ con -give So f6r os known. 'no* 
-f^^frgy, ii lost in o ^conver"i>pn. ^ ond no energy 4s 
gdihtfd Ther©' ore toontle^j eiomples'of the constfr* 



Fisure ^ (Q>ntii3ueJ)" 



vqtion of •n«r9y in wnc; moriy of which hove 
proctkol implkotions in tverydojf him, C^e must 
\p€nd th« energy stored * in -the cheLcol system, 
mode up of food ond oxyger^to get >nerL for bodily 
wormth ond octivity. The omoinrtf energ^SKtfl one 
gets from /hemicol substonces m food depends on 
the >noss ond the kind of food thot ij eoten If o per. 
son eots more food thon he needs to get t(ie energy 
to keep his body^worm ond Jo'move th^ ports of the 
bod^ his body, will convert* the extro chemicol 
substonces in food into foythot is stored m his body. 




vdecify = I meftf/wcond 




$«ttrc«s of fnergy 

For humon beings or^d oth? r onimoli; fopd is the 
.mos> impoftdnt source of ener.gy/.for, the 'eorth, 
the sun is. the most importonT energy source. Nudeo^ 
reoct.6ns on the surureleose heot ondjigh;, energy. 
This wormth ondjight gives, our ^or» o constontKr 
renewed supply of plont foods. ' . ' ^ 

Cool ond petroleum, two of our oiher sources 
oi energy, were olso produced by light energy, from 
the si/h The formotion U these substorKes requifd 
speciol l^ondltlons, though, there is little choree thot* 
,th«y con be/f?rupplied by sun. As our supplies 
of cool ond petroleum Windle. Kientists ore e^plir 
ing new energy sources, ortd we .ore *constontly i 
. reminded rjo*. to wost^ the Veploceoble^ stores of 
th*se fuels thbt power 'tfur homes ond industries. 



Figure B-5.(Continuc^^ ' * 
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